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ABSTRACT 


As  part  of  an  ongoing  Space  and  Missile  Systems  Organization  (SAMSO) 
research  and  development  program  into  advanced  space  communications  net¬ 
works  to  support  projected  Air  Force  missions  through  the  year  2000, 
several  studies  have  been  performed  to  investigate  emerging  issues  in 
the  design  of  such  networks.  This  final  report  presents  the  results 
of  a  study  to  consider  one  specific  issue  --  that  of  the  design  of  data 
management  algorithms  to  optimize  performance  measures  and  resource  al¬ 
locations  within  network  and  user  demand  constraints.  Included  in  this 
study  are  considerations  of  message  distribution  modes  (e.g.,  packet 
switching  algorithms),  Information  control  (e.g.,  flow  control  and 
routing  algorithms)  and  multiple  access  techniques. 

In  the  context  of  this  study,  data  management  algorithms  consist 
of  all  the  rules  which  govern  information  flow  within  an  envisioned 
multiple-satellite  multiple-mission  space  communications  network.  Such 
data  management  algorithms  permit  the  orderly  interaction  of  information 
sources,  intelligent  satellite  nodes  which  form  the  communications  net¬ 
work,  and  information  users. 

A  generalized  satellite-based  information  network  model  is  developed 
in  this  report.  Generic  characteristics  of  the  network  information 
processing  and  transmission  resources  are  identified  as  the  basis  for 
an  evolutionary  space  communications  network.  Specific  considerations 
for  satellite  data  management  algorithms  are  presented  in  terms  of  both 
mission-related  and  communlcatlons-related  factors  as  well  as  relative 
performance  measures.  A  comparative  evaluation  of  data  management  al¬ 
gorithms  is  also  given. 

The  final  chapters  of  this  report  develop  satellite  network  data 
management  opportunities  as  well  as  identify  specific  areas  requiring 
further  technological  development  in  the  realization  of  an  envisioned 
space-based  information  network.  The  concluding  section  presents  re¬ 
commendations  for  several  study  areas  requiring  additional  investigation 
in  support  of  this  advanced  communications  network  conceptual  effort. 
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CHAPTER  I 


INTRODUCTION  AND  BACKGROUND 


A .  Basic  Considerations 

Over  the  last  several  years,  significant  technical  advances  have 
occurred  with  respect  to  data  communications,  packet  switching  networks, 
intelligent  computer  terminals,  distributed  data  processing  systems,  and 
communications  satellites.  As  these  and  other  relevant  digital  communi¬ 
cations  technologies  rapidly  evolve,  it  seems  clear  that  current  and  pro¬ 
jected  state-of-the-art  in  these  technologies  nov;  permit  consideration 
of  the  logical  merger  of  these  advanced,  but  diverse,  concepts  in  the 
development  of  a  space  communications  network.  Such  a  generalized  infor¬ 
mation  network  could  support  a  variety  of  projected  Air  Force  missions 
through  the  next  several  decades  and  beyond  the  year  2000. 

For  example,  a  repr'?sentative  multi-mission  space-based  information 
network  of  this  sort  could  employ  a  configuration  of  earth  satellites  to 
form  a  packet  switching  system  for  digital  data  transmission  from  any 
point  on  the  earth  to  any  other  point.  Each  satellite  would  function  as 
an  intelligent  node  in  this  network,  using  intersatellite  relay  of  data 
controlled  by  on-board  microprocessor  and  data  storage  systems.  In  prin¬ 
cipal,  such  a  packet  switched  space  data  communications  network  would 
operate  in  much  a  similar  fashion  to  that  of  the  current  ARPANET,  support¬ 
ing  diverse  users  across  several  distinct  missions. 

The  potential  utility  of  such  a  generalized  multi-mission  information 
network  is  immense.  It  has  therefore  become  essential  to  identify  the 


emerging  Issues  in  the  design  of  such  a  network  so  as  to  guide  subsequent 
research  and  development  activities  to  this  end.  One  such  issue  is  the 
design  of  data  management  algorithms  to  optimize  performance  measures 
and  resource  allocations  within  network  and  user  demand  constraints.  It 
has  been  the  purpose  of  this  Satellite  Data  Management  Algorithms  Study, 
sponsored  by  the  U.  S.  Air  Force  Space  and  Missile  Systems  Organization 
(SAMSO)  under  Contr-ict  F04701-76-C-0188,  to  perform  a  detailed  invent iga- 
gation  of  this  specific  issue. 

B.  The  Satellite  Data  Management  Algorithms  Study 

In  the  context  used  herein,  data  management  algorithms  consist  of 
all  the  rules  which  govern  information  flow  in  the  envisioned  satellite 
communications  network.  The  objective  of  this  study  has  been  to  evaluate 
the  effectiveness  of  data  management  algorithms  in  support  of  specified 
satellite  data  systems  missions. 

Data  management  algorithms  are  necessary  to  permit  the  orderly 
interaction  of 

•  Information  sources 

•  Communications  systems 

•  Information  users 

within  an  information  network.  Such  algorithms  include  considerations 
for  optimizing  performance  measures  and  resource  allocations  within  net¬ 
work  user  demand  constraints.  An  efficient  allocation  of  network  resources 
must  additionally  consider  message  distribution  modes  (e.g.,  packet 
switching),  information  control  (e.g.,  flow  control  and  routing  algorithms) 
and  multiple  access  techniques. 

This  study  effort  has  been  one  of  three  concurrent  studies  sponsored 
by  SAMSO  within  the  FY7T  period  for  the  purpose  of  developing; 

•  User  demand  models 

•  Satellite  network  architecture  options 

•  Concepts  for  data  management  algorithms 


Wliile  the  study  results  presented  herein  focus  priniMrlly  on  the  third  of 
these  study  areas,  it  is  recognized  that  there  is  considerable  commonalty 
with  the  first  two  studies,  since  effective  data  management  algorithms 
cannot  be  developed  without  consideration  for  user  demand  models  and  net¬ 
work  architectures.  Thus,  somewhat  overlapping  study  efforts  in  these 
areas  were  also  considered  to  be  within  the  scope  of  this  satellite  data 
management  algorithms  study. 

Project  Methodology 

This  study  effort  has  been  organized  to  explore  data  management 
algorithms  for  establishing  a  data  interconnection  between  multiple  sat¬ 
ellites  and  earth-based  tenainals.  These  efforts  were  conducted  as  part 
of  a  broader  conceptual  investigation  into  all  relevant  aspects  of  a 
multi— satellite  multi-mission  space  conimunicatiuiis  system,  considering 
the  generic  concept  itself,  the  on-board  satellite  technology,  data 
network  methodology,  and  the  user  terminals.  It  has  been  the  objective 
of  the  broader  study  to  formulate  an  evolutionary  sot  of  network  concepts, 
to  identify  emerging  issues  for  efficient  network  design,  and  to  project 
information  flow  options. 

A  four-phase  approach  was  chosen  for  this  investigation,  consisting 
of : 

•  Development  of  a  conceptual  network  design 

•  Forecasting  of  generic  network  requirements,  such  as; 

-  categorization  of  sources  and  users 

-  development  of  potential  design  opportunities 
identifying  inherent  network  characteristics  and  constraints, 

•  Enumerating  critical  Issues  with  respect  to; 

mission  requirements 
data  management  algorithms 
user  interfaces. 


Assessing,  practical  system  prospects;  for  'example: 


computation  requirements 
performance  evaluation 
critical  technology  areas. 


The  results  of  this  study  effort  are  presented  in  Chapters  11  through  V 
of  this  report.  A  summary  of  these  results,  as  well  as  conclusions  and 
recommendations,  are  presented  in  Chapter  VI. 


Since  the  selection  of  a  basic  communications  network  organization 
(i.e,,  dedicated  channels  or  resource  sharing,  such  as  packet  switching) 
is  necessarily  inherent  to  the  development  of  data  management  algorithms, 
a  review  of  basic  communlcaticns  network  concepts  is  presented  in  Appendix  A. 
In  addition,  an  extensive  set  of  technical  literature  was  utilized  in  this 
work.  A  bibliography  of  relevant  technical  material  found  of  value  in  this 
effort  is  presented  in  Appendix  C. 


D .  Space  Communications  Missions  for  This  Study 


In  order  to  maintain  this  report  in  the  unclassified  literature,  spe¬ 
cific  details  relative  to  specific  projected  space-related  military  mission 
requirements  are  Hot  discussed  herein.  Moreover,  these  details,  in  them¬ 
selves,  are  not  entirely  relevant  to  the  development  of  basic  multi- 
mission  space  communications  concepts  (although,  as  will  be  noted  later, 
are  essential  to  the  consideration  of  data  management  algorithm  technical 
detail) . 


A  guiding  document  for  this  study  has  been  a  recent  report  entitled 
"Mission  Analysis  of  Future  Military  Space  Activities",  SAMSO  Technical 
Report  TR-7.5-217(S)  of  December  1975  and  February  1976,  in  which  are  iden¬ 
tified  a  number  of  military  space  activities  requiring  the  support  of  such 
a  space  communications  network.  Specific  space  missions  requiring  the  com¬ 
munications  support  possible  only  from  an  advanced  satellite  communications 
network  include: 

•  Surveillance  satellite  activities 
Meteorology  satellite  activities 


Remote-piloted  vehicle  (RPV)  control  satellite  activities. 
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It  Is  clear  that  the  envisioned  multi -miss ion  space  commnication  net¬ 
work  must  support  communities  of  disparate  strategic,  tactical ,  operations 
and  intelligence  users.  For  example,  future  space  communications  missions 
some  of  which  are  not  entirely  possible  with  current  military  communication 
systems  capabilities  —  include: 

•  Strategic  systems 

polar  coverage 
submarine  communications 

integration  of  attack  warning  and  defense  missile  systems 
object  identification 
space  defense 

•  Tactical  systems 

links  to  and  from  maneuvering  platforms  (air,  sea  or  land) 
forward  battlefield  area  links. 

Requirements  such  as  these  then  form  the  generic  mission  requirements  basis 
for  development  of  the  satellite  data  management  algorithms  concepts  dis¬ 
cussed  herein. 


CHAPTER  1. 1 


THE  INFORMATION  NETWORK 


A.  Introduction 

An  initial  task  in  consideration  of  an  advanced  multi-mission  space 
communications  system  is  the  development  of  a  generalized  model  of  such 
a  system  for  the  purpose  of  identifying  basic  technological  considera¬ 
tions  and  alternatives  formulation  of  an  evolutionary  set  of  network 
concepts.  It  is  felt  that  although  this  network  model  should  be  firmly 
based  on  viable  technology  and  realistic  mission  requirements,  and 
reasonable  extrapolations  therefrom,  it  can  not  be  constrained  by  cur¬ 
rently  available  technology.  Moreover,  it  must  be  detached  from  pro¬ 
grammatic  limitations  of  current  space  communications  projects.  Rather, 
such  a  generalized  network  model  should  consider  the  global  military  data 
network  mission  requirements  for  the  1980  -  2000  and  beyond  time  frame  to 
be  served  by  a  hypothetical  multi-mission  space  communications  satellite 
system  to  form  a  distributed  communications  network  in  the  sky. 

In  this  target  time  frame,  current  technology  will  be  extended  by 
significant  advances  in  electronic  component  miniaturization  permitting 
powerful  on-board  satellite  data  processing  and  storage  capabilities  as 
well  as  data  communications  technology  permitting  sophisticated  distri¬ 
buted  processing  systems  utilizing  advanced  packet  switching.  Concep¬ 
tually,  a  variety  of  technologies  may  be  considered  to  implement  the 
Interchange  and  processing  of  information  between  satellite  network 
nodes  and  earth-based  terminals  (Including  airborne  nodes).  Certain 
technological  trends  seem  clear;  others  are  emerging  issues  for  network 
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design  which  must  be  identified  and  studied. 

Similarly,  a  comprehensive  assessment  of  military  communication 
requirements  through  the  year  2000  calls  for  a  quantitative  projection 
of  the  growth  of  present  communications  of  all  types,  as  well  as  the 
addition  of  new  communications  capabilities.  An  integration  of  all 
these  requirements  into  a  consolidated  data  communications  system 
architecture  is  designated  as  an  lnfoi~mation  network. * 

Such  a  network  will  in  general  consist  of  a  number  of  nodes  of 
arbitrary  interconnection.  These  nodes  may  represent  one  or  more  of 
three  elements: 

•  Information  Sources 

•  Information  Relays 

•  Information  Users 

Nodes  may  be  physically  realized  by  earth-based  elements  (either  stationary 
or  mobile)  or  satellite-based  elements. 

The  total  data  flow  through  the  information  network  is  then  a 
function  of  how  the  total  communication  paths  are  proportioned  between 
space  and  terrestrial  nodes.  For  purposes  of  this  study,  it  is  assumed 
that  at  least  one  of  the  source,  relay  and/or  user  nodes  is  a  satellite- 
based  element.  This  assumption  is  based  on  the 

•  Need  for  information  from  and  over  liostile  territory 

•  Need  for  information  from  and  to  areas  in  which  the  political 
environment  is  a  difficult  one 

*No^:  It  is  recognized  that  there  is  a  distinction  between  the  use  of 
the  words  information  and  data .  This  report  will  use  the  word 
"Information"  to  mean  both  the  "data"  that  flows  in  the  network 
and  the  "information"  that  is  a  result  of  interpreting  the  "data". 
The  term  data  communications"  is  used  when  necessary  to  provide 
a  bridge  or  link  to  identify  techniques  or  devices  that  have, 
through  common  usage,  come  to  be  identified  by  or  associated  with 
the  term. 
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Network  FuncLionalit] 


There  are  five  foundation  issues  to  be  identified  and  resolved  In  the 
development  of  any  generalized  communication  netv;ork.  These  issues,  or 
mission  functional  considerations  are: 

•  l^hat  is  the  nature  of  each  information  source? 

•  How  are  source  data  processed  for  transmission? 

•  How  can  the  nctwoik  resources  be  characterized? 

•  How  are  the  data  processed  upon  reception? 

•  What  are  each  user's  information  needs? 

The  challenge  to  the  designer  of  a  multi-mission  network  is  to  develop 
common  resolutions  to  these  issues  across  the  missions  to  be  supported. 


Certain  elements  relating  to  network  functionality  may  be  established 
in  common  across  all  missions.  As  shown  in  Figure  II- 1,  one  may  identify 
three  levels  of  network  functionally: 

•  Correspondence  between  information  resources  and  information 
users. 

•  Correspondence  between  connection-oriented  functions. 

•  A  broad  base  of  coinmunlcations-r elated  functions,  such  as: 

~  routing  and  switching 
channel  assignment 
security 
priority 
error  control 
information  delivery. 

The  uppermost  levels  of  this  functional  organization  relate  more  to  con¬ 
ceptual  issues  concerning  the  interchange  of  information.  The  lower  level 
of  communications-related  functions  concern  both  conceptual  approaches  and 
the.  somewhat  mechanical  details  of  system  implementation. 

The  correspondence  between  the  Information  resources  and  information 
users  involves  the  pure  transfer  of  Information,  independent  of  the 
mechanism  of  information  exchange.  Alternatively,  at  the  connection- 
oriented  functional  level,  this  correspondence  involves  the  mechanism 
of  exchange  independent,  of  information  content. 


INFORMATION 

RESOURCES 


CORRESPONDENTS 


INFORMATION 

USERS 


CONNECTION 

ORIENTED 

FUNCTIONS 


CORRESPONDENTS 


CONNECTION 

ORIENTED 

FUNCTIONS 

/f 


COMMUNICATIONS  FUNCTIONS 

•  ROUTING/SWITCHING  •  SECURITY  ■ 

•  CHANNEL  ASSIGNMENT  •  PRIORITY  • 


ERROR  CONTROL 
DELIVERY 


Figure  Il-i  Levels  of  Network  Functionality 
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This  concept  Is  illustrated  readily  by  consideration  of  a  letter 
transmission  by  the  postal  service.  The  sender  and  the  receiver  of  the 
letter  are  only  concerned  with  the  exchange  of  information.  To  them,  the 
envelope  to  enclose  the  information  (message),  the  required  address  on  the 
envelope  and  the  entire  postal  establishment  are  clearly  mechanistic  detail 
relative  to  a  specific  system  implementation.  Their  correspondence  is  at 
the  Information  exchange  level,  independent  of  the  mechanism  of  Information 


exchange.  On  the  other  hand,  the  address  on  the  envelope  is  a  connection- 
oriented  function  used  only  to  designate  the  proper  sender  and  receiver, 
independent  of  information  content.  The  envelope,  postal  stamps,  mailboxes, 
and  necessary  operation  of  the  postal  service  arc  purely  communications- 
orlented  functions,  and  of  course  completely  independent  of  the  information 
being  transmitted. 

It  may  be  noted  in  Figure  ll-l  that  data  managemetit  algorithms  neces¬ 
sarily  span  all  three  levels.  Although  connection-oriented  functions  most 
strongly  influence  the  selection  and  design  of  data  management  algorithms, 
it  is  stressed  that  the  other  two  levels  are  also  a  necessary  and  important 
basis  to  the  development  of  any  data  management  algorithm. 

C.  A  Generalized  Model 

The  fundamental  organization  for  information  exchange  between  sources 
and  users  is  the  information  network.  As  shown  in  Figure  II-2,  the  network 
consists  of  three  discrete  elements: 

•  Sources 

•  Relays 

•  Users. 

Sources  and  users  are  interconnected  through  relays  over  interlinks. 

A  simplified  Illustration  of  the  general  information  network  model 
is  given  in  Figure  II-3.  It  illustrates  the  sequence  of  information  flow 
between  a  single  source  of  desired  Information,  and  the  single  user 
of  the  information,  U.  At  least  one  relay,  R,  may  exist  in  the  infarti;atlon 
flow  between  the  source  and  the  user.  It  is  noted  that  an  interactive 
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Figure  11-3  —  Simplified  Information  Network  Model 


^y^2,ic  iurorni3tion  flow  Is  visuril  l-zcd  ^  sucli  ns  n  contiii'ind  ftotn  tliG  user  to 
the  source,  resulting  in  a  set  of  data  from  the  source  to  the  user.  More¬ 
over,  processing  of  any  portion  of  this  information  flow  may  occur  at  any 
location  in  the  information  network.  In  general,  such  processing  is 
colocated  within  a  source,  relay  or  user.  Additionally,  any  set  of  source, 
relay (s),  and/or  user  may  be  colocated. 

The  general  information  netv.’ork  actually  consists  of  an  arbitrary 
number  of  sources,  relays  and  users,  interlinked  in  a  totally  general 
fashion.  Such  a  model  is  shov;n  in  Figure  1I--4.  No  constraint  need  to 
placed  on  the  physical  location  of  any  source,  relay(s)  or  node  (l.e., 
terrestrial-based  or  satellite-based).  It  is  important  to  note  that  one 
user  of  information  may  be  a  source  or  relay  of  other  inf orii'ation ,  etc. 

In  any  interactive  operation,  the  functional  roles  of  source  and  use  of 
information  reverse  between  the  command  and  data  flow  sec|uence. 

The  information  processing  functions  may  occur  at  any  point  in  the 
information  flow  sequence.  It  is  obvious  that,  in  general,  any  desired 
processing  may  be  accomplished  at  any  node  between  (and  including)  a 
source  and  a  user,  subject  only  to  pragmatic  constraints.  Such  processing, 
including  information  selection,  compression,  transformation,  fusion  and 
storage,  may  thus  occur  at  or  among  any  of  the  total  path  nodes.  By  argu¬ 
ments  of  functional  transposition,  all  desired  processing  may  be  located 
within  one  node,  or  distributed  among  any  of  the  nodes.  In  practice, 
this  latter  case  is  by  far  the  more  common. 

Although  the  general  model  shows  ‘separate  interlinks  between  source 
and  user  and  between  user  and  source,  only  one  of  these  interlinks  need 
actually  exist.  If  both  do  exist,  they  may  be  colinear,  sharing  a  common 
communications  path.  A  generalisation  of  all  possible  interlink  distri¬ 
bution  modes  would  include: 

•  Broadcast  (point-to-multlpolnt) 

Real-time  Broadcast 
Store  and  Forward 
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•  Point-Lo-Point  (among  Nodes  A  and  B) 

Store  and  Forward 

-  Unidirectional  (node  A  to  Node  B) 

Bidirectional 

—  Half  Duplex 

—  Full  Duplex 

-  Unidirectional  (Node  B  to  Node  A) 

Polling 

•  Gathered  (Mult ipoint-to-point) 

Polling 

Multi-source  Acquisition 

Such  a  set  of  generalized  information  network  interlink  distribution 
modes  is  illustrated  in  Figure  II-5,  along  with  typical  examples  of  each 
use. 

An  important  characterisltic  of  this  information  network  model  is  the 
inherent  multiplicity  of  interlinks  between  a  given  source  and  a  given 
user.  A  network  of  relay  nodes,  generally  Interconnected,  provides  par¬ 
allel  and  redundant  Information  flow  paths  between  any  source  and  user 
via  one  or  more  Intermediary  relay  nodes. 

It  is  this  availability  of  parallel  interlinks  between  communicating 
sources  and  users  that  provides  the  opportunity  for  flexible  network  rout¬ 
ing.  A  variable  routing  scheme  is  thus  most  appropriate  for  this  model  in 
that  it  would  support  parallel  transmission  of  individual  portions  of  an 
information  transfer,  be  it  commands  or  data.  Such  information  transfers 
portions,  or  packets,  may  be  arbitrarily  sent  through  the  network  in  any 
sequence  from  sender  to  receiver.  Permitting  intelligent  switching  at 
each  element  then  forms  the  basis  for  a  packet  switched  information  network. 

D.  Key  Features  of  the  Model 

The  generalized  information  network  model  contains  many  features  of 
significance  to  the  envisioned  multi-mission  space  communications  network. 
Principal  key  features  of  this  network  model  are; 

t  The  network  is  entirely  Information  exchange  independent. 

t  There  is  no  constraint  on  node  location  and/or  operation 

(e.g.,  earth-hased,  air,  satellite,  manned,  unmanned,  etc.) 

•  Network  sources  and  users  may  alternate  roles. 


BROADCAST  GATHERED 

(POINT-TO-MULTIPOINT) _  POINT-TO-POINT  (MULTIPOIN’T-TO-POINT) 
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Figure  II-5  —  Information  Network  Interlink  Distribution  Modes 


•  Any  set  of  source,  relay(s)  and/or  user  may  be  collocated 

•  Infcumatlon  processing  may  be  distributed  through  network 
or  centralized  at  any  node 

•  There  is  a  multiplicity  of  separate  interlinks  between  each 
source  and  user  pair. 

Kach  of  these  features  relate  to  a  desired  quality  of  an  evolution¬ 
ary  information  network.  A  detailed  consideration  of  this  model  thus 
provides  a  set  of  generic  network  characteristics,  as  anotlier  mechanism  for 
for  defining  necessary  network  attributes  in  a  multi-dimensional  descriptor 
space. 

E.  Geneve  Characteristics  of  the  Network 

A  general  schema  for  generic  classification  of  the  network  model  is 
presented  in  this  section.  It  is  based  on  tw’o  indepenoent  sets  of  char¬ 
acteristics,  namely: 

•  Information-related  characterisi tes 

information-use 
in format  ion- flow 

•  Node- related  characterls'.tics. 

The  application  of  these  generic  attributes  within  the  general  model 
permits  focusing  upon  potential  future  opportunities  in  a  general  interactive 
information  network.  Tliis  analysis  will,  in  turn,  identify  critical  Issues 
which  may  be  then  tested  against  technical  details,  such  as: 

•  Information  quantity 

•  Information  transmission  rate 

•  Geographical  distribution  of  sources  and  users 

•  System  constraints 

Each  set  of  generic  characterisites  of  the  general  information  network 
may  be  defined  in  a  multi-dimensional  descriptor  space.  A  useful  enumera¬ 
tion  of  bounding  characterisites  of  this  descriptor  space  is  contained  in 
Tables  I  through  III,  along  with  illustrative  examples  of  their  application. 
It  is  recognized  that  this  descriptor  space  as  presented  Is  neither  distinct 
nor  exhaustive,  but  it  is  felt  to  provide  adequate  insight  upon  which  to 
base  potential  network  development  opportunities. 
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TABLE  I 


INFORMATION  -  USE  ATTRIBUTES 


CHARACTERISTIC 


Information  AvaiJ ability 


t  Continuous 


•  Periodic 


•  Infrequent  (Bursty) 


Information  Application 


•  Operational 


Command  and  Control 


Navigational 

Meteorological 


•  Intelligence 


Basic 


Tactical 


Strategic 


•  Administrative 


•  Archival 


Fusion 


•  Multi-Source 


•  None  Required 


Routlng/Dlstrlbutlon 


•  Broadcast 


•  Point-to-Point 


•  Gathered 


EXAMPLE 


Surveillance  Satellite 


Meteorological  Satellite 


C  Mission 


Force  Status 


Navigational  Satellite 
Weather  Forecasting 


Personnel  Action 


Remote  Data  Base 


Surveillance  and  ELINT 


Command  Acknowledge 


Navsat 


RPV  Control 


Command  Center 


- , . '.i, 

'  r ' 


TABLE  11 


information 

CHARACTERISTIC 
Information  Priority 

•  Dominant  (Hip,hest) 

•  Inherent  Relative 

•  None 

Information  Control 

•  Highly  Sensitive 

•  Limited  Distribution 

•  Unlimited  Distribution 

Information  Timeliness 

•  Ueal-Time/Ncar-Real-Time 

•  Medium-Long  Term 

•  Archival/Non-Time-Sensitive 


imi  ATTRIBUTES 
EXAMPLE 

Flash 

Routine,  etr. 

Administrative  Actions 

Eyes  only,  cocicword 
TS,  Secret,  etc. 

Broadcast 

Voice,  Tactical  Intelligence 
Strategic  Intelligence 
Personnel  Records 


TABLE  HI 


NODE-REFATED 

CHARACTERISTIC 
Node  Function 

•  Information  Source 

•  Information  Relay 

•  Information  User 

Node  Location 

•  Fixed  (Land-Based) 

•  Mobile 

-  Low- Speed 
High-Speed 

•  Satellite 

Near-Earth  Orbit 
Geostationary 
Cislunar  and  Beyond 

Assumed  Throat  Environment 

•  Active  Threat  Possible 

Physical  Threat 
Electronic  Threat 

•  Passive  Tlireat  Possible 

Physical  Threat 
Electronic  Threat 

•  Benign  Environment 


CHAF^CTERISTICS 
FX\MPLE 

RPV'  Sensor  Platform 
Control  Satellite 
Tactical  Commander 

Command  Cent  -i' 

Man,  Tank,  Ship 
Aircraft,  Missile 

LANDSAT  Platform 
Broadcast  Satellite 
? 


Attack,  Bombing 
Jamming,  Spoofing 

Surveillance 
Network  Penetration 

COMSAT,  ARPANET 


F. 


Nc^u^Rcsourccs 

The  general  information  network  model  provides  two  fundamental  net¬ 
work  resources.  These  are  the: 

•  Transmission  of  information  (between  source  and  user);  for  example 

interchange 
switching 
route  selection 
storage 

•  Processing  of  information;  for  example. 

selection 

compression 

transformation 

fusion 

storage. 


The  overall  satellite  data  management  consideration  is  the  effective 
utilization  of  these  resources  in  an  evolutionary  satellite  communications 
network.  It  is  the  role  of  data  management  algorithms  to  provide  the 


flexible  utilization  of  these  resources  within 
cal  detail  imposed  by  communicat ions-relalcd 


the  constraints  of  techni- 
funetional  requirements. 


A.  Introduction 

A  basic  PV..1SC  of  the  sotolllto  data  ™na8cme„t  program  Is  that  a 
„„ltl-mis.loa  space  co»P.onic.t!ons  system  cap  cphaace  tbc  otaUty  of 
data  flov  via  mpltl-saccUitc  relay  betveep  Ipformatiop  sou.  ccs  and  fp- 
formatlop  users.  Thfs  cap  be  accomplished  vithlp  such  a„  epvlslopcd 
system  if  provisions  for  effective  sharing  of  transmission  rind  prores 
resources  within  the  communications  network  are  provided. 

The  design  of  tbc  envisioned  space  eommonlcatlons  capability  mnst 
support  an  ovolutlonar,  dovclopmantal  .c,ucnce.  The  spcolfics  of  .he 
seguenee  Itself  are  not  partlcnlarly  germane.  However,  for  purposes  o 
Illustration,  on.  envisioned  network  d.velop»int  se, pence  could  be 

(1)  Install  a  simple  switching  element.  Including  on-board  data 
processing  and  storage.  In  a  single  satellite  to  support  one 
generic  program,  say  space  surveillance  '  a  defined  eornmnnity 

of  users. 

(2)  using  several  interlinked  identical  intelligent  satellites, 
implement  a  simple  multi-satellite  communications  network  to 
support  two  or  more  missions  with  partial  global  coverage. 

(3)  Form  a  distributed  space  communications  system  using  5-10 
intelligent  satellites  of  varying  technological  capability . 
in  a  hierarchical  network  organization  using  packet  switc  e 
data  transmissions  with  full  global  coverage  for  complete 

■  commurlcations  and  processing  support  of  several  relatively 
disparate  missions  (e.g.,  meteorological  missions  and  RPV 

missions) . 


A  host  of  data  tnanagoment  issues  readily  emcrRc  from  a  consideration 
of  such  an  evolutionary  communications  network.  Data  management  algo¬ 
rithms  necessary  to  permit  the  effective  sharing  of  processing  and  trans¬ 
mission  resources  are  an  intrinsic  part  of  these  issues.  At  a  minimum, 
evolutionary  data  management  algorithms  must  be  developed  to  support: 

•  Information  Flow  Control 

-  Channel  Assignment 

-  Dynamic  Routing 

-  Distributed  Resource  Management 

•  Information  Transformation 

-  Data  Corapression 

-  Multi-Source  Fusion 

-  Pre/Post-Processing 

•  Adaptive  User  Feedback 

0  Error  Detection  and  Correction 

0  Information  Sccutity/Pi  iority  Considerations 
0  Spoof ing/Jamming/Penetration  Considerations 
0  Performance/Resource  Optimization 
These  considerations  are  furtlier  developed  in  this  and  subsequent  chap¬ 
ters  of  this  report. 

B.  Generic  Data  Management  Requirements 

The  development  of  evolutionary  data  management  design  alternatives 
requires  a  general  quantification  of  overall  data  management  require¬ 
ments  for  each  space-related  mission  to  be  supported.  A  generic  classi¬ 
fication  may  be  established  in  terms  of  representative  military  space 
missions  to  provide  relative  system  performance  requirements  such  as 
•  Information  volume 
0  Time  between  transmissions 
0  Tolerable  connect  delay 

0  Tolerable  transmission  delay 

The  diverse,  but  strongly  representative,  military  space  missions  relating 
to  surveillance,  meteorology  and  RPV  have  been  chosen  for  this  purpose. 


Overall  data  management  requirements  form  the  basis  for  selection 
of  the  proper  communications  network  to  support  Individual  military 
missions  or  multiple  military  missions.  It  is  thus  useful  to  categorize 
these  missions  in  terms  of  communication  system  performance  characteris¬ 
tics.  Table  IV  summarizes  such  a  characterization,  indicating  relative 
communication  system  requirements  for  each  of  the  three  representative 
missions.  Several  clarifying  comments  should  be  made. 

Surveillance  missions  usually  deal  with  large  volumes  of  informa¬ 
tion  such  as  nictures  and  electronic  or  other  emissions.  It  is  often 
necessary  that  this  information  be  sent  in  total  to  a  ground  processing 
station  for  distribution  and  exploitation.  This  may  not  be  necessary 
in  all  cases  if  some  processing  is  performed  in  the  network,  for  example, 
if  only  current  status  or  status  changes  are  reported.  If  this  were 
done,  then  actual  data  transmission  requirements  could  be  moderate  or 
low  volume.  In  either  case,  the  frequency  of  information  occurrence 
from  a  single  sensor  is  relatively  low  or  at  most  moderate.  Since  from 
a  systems  viewpoint  there  may  be  many  sensors  operating  simultaneously, 
the  communications  network  could  be  required  to  handle  Information  at 
moderate  to  high  rates  of  occurrence.  The  communication  network  connect 
time  and  transmission  delays  for  routine  surveillance  could  tolerate  a 
moderate  connect  time  delay.  However,  during  crisis  situations,  this 
information  should  be  available  with  absolute  minimum  delay.  The  com¬ 
munications  network  must  then  be  designed  to  handle  both  requirements. 

The  meteorology  mission  is,  in  many  ways,  similar  to  the  surveil¬ 
lance  mission  in  terms  of  its  information  communications  requirements. 

The  major  .difference  is  in  the  tolerable  time  delays  for  network  con¬ 
nection  and  transmission.  It  is  not  typical  that  the  meteorological 
communication  network  support  real  or  near-real-time  communication; 
accordingly  moderate  delays  should  not  be  critical. 

In  contrast,  the  RPV  mission  requires  real-time  or  near-real-time 
interactive  operation,  thus  connect  and  transmission  time  delays  must  be 
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minimal  for  most  RPV  missions.  The  information  traffic  will  probably 
occur  with  high  volume  and  frequency  from  the  remote  vehicle  to  its 
controller  with  low  volume  and  frequency  in  the  other  direction.  For 
example,  the  vehicle  will  probably  transmit  status  and  sensor-derived 
information  (including  pictures),  whereas  the  controller  will  probably 
transmit  conunands  intermittently  as  they  are  needed. 


A  satellite  communications  system  designed  to  foster  substantial 
resource  sharing  and  to  simultaneously  support  each  of  these  three 
missions  obviously  requires  broad  capabilities  to  accomodate  such 
diverse  performance  goals.  Some  commonality  may  be  noted,  but  it  is 
most  clear  that  a  general  multi-mission  communications  capability  must 


support  a  broad  variety  of  performance  characteristics  in  every  quanti¬ 
tative  dimension.  Such  then  is  the  challenge  offered  to  the  designer  of 
such  a  system.  However,  it  is  also  believed  that  current  network  control 
and  network  routing  techniques,  such  as  are  employed  in  the  ARPANET  and 
other  ground-based  multiple-user  digital  data  communications  systems, 
offer  .significant  opportunity  to  meet  this  challenge. 


C.  Evolutionary  Network  Characteristics 


The  envisioned  space  communications  network  must  be  based  on  an 
evolutionary  set  of  operational  capabilities.  Conceptual  evolutionary 
network  characteristics  may  be  specified  in  terms  of: 

•  Network  control 

•  Network  routing 

A  brief  discussion  of  each  generic  characteristic  is  presented  herein. 


!•  Evolutionary  Network  Control 

The  three  network  supervisory  control  alternatives  to  support 
resource  sharing  and  evolutionary  growth  are  centralized,  distributed, 
and  hierarchical. 


a*  Centralized  Supervisory  Contiol 

A  single,  centrally  located  supervisory  control  node  us¬ 
ually  suffices  for  small  to  medium  sized  networics  in  which  message  delay 
is  small,  or  in  which  longer  delays  are  tolerable.  Such  control  is 
achieved  by  one  or  more  terminals  that  can  act  as  source  and/or  user 
nodes. 
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Large  cenf rally  controlled  networks  may  require,  two  or 
more  control  nodes  because  of  the  volume  and  frequency  with  which  the 
control  functions  must  be  performed.  Such  nodes,  as  a  group,  make  up 
the  network  control  location.  For  example,  one  node  may  be  used  to 
enter  control  messages  while  another,  often  a  recelve-only  device,  is 
used  to  maintain  the  log  of  the  network's  control  activities. 


b .  Distributed  Supervisory  Control 

Relatively  large  networks  with  multiple  network  processors 
may  operate  with  shorter  queues  and  better  cost  effectiveness  by  using 
some  form  of  distributed  supervisory  control.  Control  locations  may 
be  selected  on  a  regional  or  area  basis  or  may  be  those  locations 
where  network  processors  have  been  placed. 

Each  supe“visory  control  location  requires  the  logic 
necessary  to  handle  the  control  messages  it  receives.  Logging  of  the 
control  message  activity  may  be  held  in  a  queue  and  periodically  sent 
to  a  node  equipped  with  a  logging  device. 

Two  types  of  control  messages  are  encountered  in  distributed 
supervisory  control:  those  that  are  entered  from  a  source/user  node 
serviced  by  the  network  processor  and  those  that  are  entered  from  an 
adjacent  control  node. 


c.  Hierarchical  Supervisory  Control 

In  large  networks  with  distributed  supervisory  require¬ 
ments,  a  method  of  controlling  the  entry  of  supervisory  messages  may 
be  needed.  This  is  especially  true  of  a  multi-mission  military  satel¬ 
lite  system.  In  that  event,  the  supervisory  control  function  can  be 
organized  into  three  hierarchical  levels:  terminal,  intermediate  and 


master. 


(1)  Terminal  Supervisory  Control 


This  level  includes  such  functions  as  requests  for 
retransmission  of  a  lost  or  destroyed  message,  and  other  similar  node- 
oriented  activities. 
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In  networks  with  various  classe.s  of  nodes  or  levels 
of  security,  it  may  be  necessary  to  identify  subsets  of  the  node  con¬ 
trol  functions  and  only  accept  control  messages  within  the  subset  to 
which  a  specific  node  is  assigned. 

( 2 )  Iji termedinte  Supervisory  Control 

This  level  Includes  those  control  functions  that  are 
limited  to  supervisory  control  nodes,  and  cannot  be  initiated  from  other 

nodes.  Adding  or  deleting  nodes  or  interlinks  to  the  software  tables 
representing  the  network  configuration,  requesting  a  statistical  infor¬ 
mation  report,  changing  routing,  and  altering  poll /select  sequences  are 
examples  of  intermediate  supervisory  control  function.';.  Such  control 
messages  are  entered  from  such  nodes  that  have  been  identified  as 
"supervisory  control". 

The  set  of  functions  that  can  be  initiated  by  inter¬ 
mediate  supervisory  control  nodes  usually,  but  not  necessarily.  Includes 
the  lower  terminal  control  functions  as  a  subset. 

(3)  Master  Supervisory  Control 

This  level  of  supervisory  control  includes  all  lower 
level  functions  plus  the  ability  to  initiate  actions  reserved  exclusively 
for  the  designated  master  control  node.  The  master  control  node  is 
usually  located  in  some  central  facility. 

The  terminal  complement  for  the  master  supervisory 
control  function  in  large  networks  usually  consists  of  several  devices; 
one  or  more  receive-only  devices  for  activity  logs  and  statistical  reports, 
an  active  master  device  for  entering  control  messages,  and  one  or  more 
standby  or  backup  devices  for  use  in  the  event  of  failure. 

Control  functions  usually  reserved  for  the  master 
location  include  the  changing  of  security  level  information  in  routing 
tables  and  other  sensitive  activities  whose  initiation  should  not  be 
possible  by  any  intermediate  or  terminal  level  messages. 

Large  networks  may  require  a  logical  subsetting  of 
the  supervisory  control  functions  based  upon  mission,  regional,  or 
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some  otlior  organizational  boundaries.  Those  networks  shared  by  entirely 
separate  missions  have  a  similar  subsetting  requirement.  A  comparable 
problem  is  presented  by  a  cluster  of  nodes  unique  to  a  specific  mission 
requiring  supervisory  control  functions  unlike  any  others  in  the  network. 

2 .  Evolutionary  Networking  Routing 

The  four  most  common  network  routing  alternatives  are: 

»  Dedicated  channels 

•  Circuit  switching 

0  Message  switching 

•  Packet  switching 

The  first  three  approaches  are  characteristic  of  the  bulk  of  all  current 
military  information  transmission  networks,  whether  satellite  or  ground- 
based  interlinks  are  used.  In  general,  they  are  not  entirely  suitable 
to  support  future  digital  data  transmission  requirements.  This  is 
principally  due  to  the  bursty  nature  of  data  transmission,  occurring 
essentially  randomly  as  a  function  of  time,  where  source  and  user  node 
locations  may  also  vary  with  time. 

A  detailed  discussion  of  the  specific  attributes  and  a  relative 
comparison  among  the  four  routing  alternatives  are  given  in  Appendix  A. 

In  summary,  both  the  message  switching  and  the  packet  switching  approaches 
appear  to  be  very  useful  ones  for  a  multi-mission  military  satellite 
system.  Both  offer  the  inherent  flexibility  and  extensibility  necessary 
for  an  evolutionary  multi-satellite  system  development. 

The  message  switching  and  the  packet  switching  approaches  are 
forms  of  distributed  store-and-fon-jard  switching,  permitting  elimination 
of  -the  ,V6ng  "connect  time"  delay  inherent  in  circuit  switching,  thus 
providing  greater  responsiveness.  The  path  any  given  information  quantum 
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follows  is  not  determined  in  advance,  as  is  the  case  with  conventional 
circuit  switching.  Instead,  the  optimum  routing  is  determined  for  each 
quantum  as  it  passes  from  node  to  node,  taking  into  account  processor 
and  circuit  loading  and  any  outages.  High  overall  network  reliability 
and  use  is  thus  achieved. 


As  l;i  developed  in  Appendix  A,  distributed  store-and-forward 
packet  switching  is  a  natural  choice  for  a  multi-mission  evolutionary 
communications  network.  The  inherent  nature  of  a  packet-switched  sys- 
teri  in  which  messages  are  broken  up  into  sets  of  packets,  with  each 
packet  making  its  way  independently  through  the  network  to  its  destina¬ 
tion,  pennits  most  effective  processing  and  transmission  resource  sharing. 

Control  of  the  system  is  also  inherently  distributed  throughout 
the  network,  with  each  node  providing  routing  and  flow  control  on  the  basis 
of  its  current  knowledge  of  the  network  status.  In  general,  packet 
switching  permits  simultaneous  sharing  of  wideband  transmission  facili¬ 
ties  by  a  number  of  users,  and  is  relatively  mission  independent,  thus 
creating  a  high-capacity  and  quite  economical  communications  medium. 

D.  Discussion 

An  evolutionary  multi-mission  space  communications  system  seems 
technologically  feasible  based  on  currently  available  computer,  cemmuni- 
cations  and  satellite  technology  and  reasonable  extrapolations  thereof. 

It  seems  likely  that  the  actual  implementation  of  such  a  multi-satellite 
information  network  will  be  necessarily  evolutionary,  with  successive 
generations  of  increasingly  technologically  sophisticated  intelligent 
satellites  being  added  to  the  system  over  a  period  of  time.  A  fundamental 
issue  then  in  the  selection  of  required  satellite  data  management  al¬ 
gorithms  is  the  availability  of  a  given  algorithms  set  to  support  the 
necessary  expansion  and  system  extensibility  implicit  in  the  conceptual 
evolution  of  the  system  capability. 

Information  flow  control  seems  the  most  critical  consideration. 

Several  natural  selections  occur  that  tend  to  best  support  all  multi- 
mission  and  evolutionary  growth  objectives,  A  distributed  supervisory 
network  control  algorithm  best  provides  necessary  decentralized  control 
and  flexibility  in  the  network  operation.  Similarily,  a  variable  routing 
control  algorithm,  based  on  packet  switching  techniques,  best  provides 
accomodation  of  the  many  disparate  requirements  of  information  volume, 
transmission  rate,  tolerable  connect  time  and  transmission  delay  of  the 
several  representative  military  communications  to  be  supported.  Packet 


switching  docs  permit  efficient  accomodation  of  both  short  and  long 
messages  of  various  information  content  priorities  with  minimum  delay. 

It  also  permits  efficient  accomodation  of  variable  message  rates,  varying 
from  near-continuous  to  very  intermltf ont ,  on  a  single  channel.  Most 
importantly,  assuming  the  availability  of  parallel  interlinks,  packet 
switching  best  supports  effective  sharing  of  network  transmission  and 
processing  resources,  thereby  providing  appreciable  reductions  in  trans¬ 
mission  delays  as  v;ell.  Distributed  packet  switching  control  is  readily 
extensible  for  support  of  evolutionary  netxwrks  growth  and  communica t ions 
capabil i ty . 

A  number  of  specific  technical  considerations  for  satellite  data 
management  algoritlims  are  developed  in  the  following  chapter  of  this 
report.  It  is  necessary  to  also  consider  constraints  imposed  on  the 
evolutionary  development  of  the  envisioned  network  by  the  selection  of 
an  algorithm  sot.  For  example,  consider  that  the  space  communications 
netw’ork  will  eventually  employ  both  geosynchronous  and  near-earth-orbit 
satellites.  Further  suppose  that  in  support  of  a  specific  mission,  com¬ 
munications  must  occur  between  an  information  source  and  an  information 
user  via  a  relay  satellite  with  relative  motion  (i.e.,  through  a  near¬ 
earth-orbit  relay  satellite).  This  might  happen  when  information  ex¬ 
change  occurs  between  a  polar  region  and  the  opposite  hemisphere.  As¬ 
suming  that  it  is  possible  for  the  moving  satellite  to  be  properly  tracked 
by  the  source  and  user  nodes,  there  is  still  a  problem:  what  happens  when 
the  moving  satellite  goes  out  of  the  range  of  one  of  the  stationary  com¬ 
municators.  The  obvious  solution  is  to  "hand  over"  the  communication  to 
the  next  moving  satellite.  Diffex’ont  data  management  algorithms  approach 
this  problem  differently,  not  all  consistent  with  network  evolutionary 
growth  objectives. 

Using  dedicated  channels,  an  easy  solution  is  to  have  all  relay 
satellites  dedicated  to  the  same  coromunication  path.  When  a  satellite 
is  not  within  view  of  a  source,  geosynchronous  relay  or  user  node,  it  is 
not  used.  This  is  obviously  an  expensive  solution. 
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For  circuit  switchin};  and  message  svvitrhing  routing  algorithms, 
the  problem  may  be  severe.  Sii\ce  there  can  be  no  upper  limit  on  message 
size  for  either  algorithm,  it  must  be  conceptually  possible  to  "hand 
over"  the  transmission  to  another  relay  in  the  middle  of  a  message  com¬ 
munication.  The  not  too  attractive  alternative  is  to  dynamically  break 
off  transmission  and  resend  the  complete  communication.  This  alternative 
for  either  case  means  that  such  relay  satellites  must  have  sufficient 
processing  capability  to  recognize  that  a  "hand  over"  can  occur  and  to 
know  when  it  is  coming.  Such  problems  multiply  when  It  is  recognized 
that  on-board  processing  and  storage  capacity  of  each  relay  satellite 
must  be  available  for  all  possible  "hand  overs",  total  capacity  being 
highly  dependent  on  the  number  of  relay  satellites  within  the  network. 

Utilizing  packet  switching  algorithms,  the  problem  can  be  accomodated 
relatively  easily.  Sln^c  all  information  exchanges  occur  through  packets, 
only  one  small  packet  need  be  involved  in  the  "hand  over".  The  simplest 
solution  is  to  resend  any  packets  that  are  lost  during  a  "hand  over". 

It  is  not  necessary  to  keep  track  of  current  communication  paths  since 
they  are  determined  dynamically  for  each  packet.  Any  number  of  synchronous 
or  near-earth-orbit  relay  satellites  may  be  added  to  the  network  without 
the  need  to  increase  the  on-board  processing  or  storage  resource.s  of 
existing  netV7ork  satellites.  Thus  evolutionary  development  can  be  ac¬ 
complished  utilizing  various  mixes  of  existing  network  resources  and 
technologically  improved  additions  at  lowest  cost. 


CHAl'TF.R  IV 


CONSIDERATIONS  FOR  SATEl.l  TTE  DATA  MANAGEMENT  ALGORITHMS 
^ •  Introduction 

Satellite  data  management  algorithms  must  permit  optimization  of 
performance  measures  and  resource  allocations  within  network  and  user 
demand  constraints.  From  a  network  control  point  of  view,  these  dis¬ 
parate  constraints  imposed  on  the  envisioned  evolutionary  multi-mission 
space  communications  system  strongly  support  the  selection  of  a  form 
of  distributed  supervisory  control.  In  addition,  it  is  clear  that  a 
genera]  priority  scheme  must  he  adapted  such  that  urgent  messages  can 
pass  unhindered  by  network  blockage  from  low  priority  messages.  How¬ 
ever,  further  development  of  specific  data  management  algorithms  de¬ 
sign  requires  careful  consideration  of  several  mission  and  system  re¬ 
lated  performance  characteristics. 

The  previous  discussion  of  generic  characteristics  of  representative 
military  missions  suggests  that  the  simultaneous  accomodation  of  these 
characteristics  within  a  single  space  communications  system  requires 
the  attainment  of  diverse  design  goals.  This  is  because  individual 
mission-related  characteristics  tend  to  optimize  different  communica¬ 
tion  traffic  requirements  and  communication  system  uses.  These  charac¬ 
teristics  fall  into  categories  related  to  the  system  requirements  for 
the  missions  supported  and  into  categories  that  relate  more  closely  to 
the  sy.stem's  physical  limitations  and  design  considerations.  These  two 
categories  have  been  designated  as  Mission  Factors  and  Design  Factors: 

•  The  Mission  Factors  arc  those  that  describe  characteristics 
of  tli^e  Information  th  it  passes  through  the  communication  sys- 
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tem.  The  characterization  is  description  rather  than  meaning. 
For  example,  the  characterization  can  account  for  10000  bits 
transmitted,  but  cannot  describe  that  a  picture  is  transmitted. 

•  The  Design  Factors  arc  those  that  describe  characteristics  of 
the  FommuniTT^ion  satellite  sy.stem.  These  characterizations 
refer  to  system  functional  requirements  and  capabilities.  For 
example,  resource  sharing  is  a  system  property  rather  than  an 
information  communication  property. 

In  this  chapter,  various  necessary  considerations  for  satellite 
data  management  algorithms  arc  discussed  with  respect  to: 

r  Mission-related  considerations 
ft  Communications-related  considerations 
ft  Performance  measures 

The  concluding  sections  present  comparative  evaluations  of  data  manage¬ 
ment  algorithms  with  respect  to  these  considerations  to  guide  the  net¬ 
work  control  algorithm  design  within  the  envisioned  space  conmuni cations 
system. 

B •  Hiasi ou-Rclated  Considerations 

For  each  of  the  military  missions  to  be  supported,  important  data 
management  algorithm  considerations  involve: 

ft  Information-related  factors 

Information  unit  size 

-  InfoiTaation  rate  of  occurrence 

ft  Network-related  factors 

-  Transmission  time 


Connect  delay  time 


A  discussion  of  each  topic  follows. 

1 .  Information  Unit  Size 

It  is  well  established  in  Information  theory  that  a  physical 
measure  of  information  may  be  described  in  terms  of  bits.  It  is  obvious, 
of  course,  that  it  is  possible  to  convert  analog  information  to  digital 
representation  and  vice  versa.  For  example,  in  telephone  networks  this 
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transformation  is  porlormod  by  the  use  of  a  device  called  a  modem 
(modulator/demodulatci).  Ti.c  size  of  information  units  for  represen¬ 
tative  military  missions  ran  rant-e  from  one  bit  to  an  infinite  number 
of  bits.  Communication  of  an  infinite  miniber  of  bits  will  bo  designated 
as  continuous  communication. 

Data  management  algorithms  differ  in  their  ability  to  handle  dif¬ 
ferent  sized  information  units.  Both  dedicated  and  circuit  switcli  com¬ 
munication  techniques  can  handle  all  information  sizes  equally  well.  This 
is  because,  once  a  communication  path  is  established,  the  limits  to  infor¬ 
mation  exchange  arc  physical  eliarncterist ics.  These  limitations  include 
such  factors  as  bandwidth  and  transmission  delay. 

Mf.ssage  switched  algorithms  can  accomodate  a  variety  of  message 
sizes.  For  very  smaH  messages,  a  significant  amount  of  overhead  is  re¬ 
quired  per  message  to  carry  extra  information,  such  as  the  message  sender, 
destination,  and  its  priority.  For  messages  that  are  sufficiently  large 
this  overlie.nd  becomes  negligible,  but  other  problems  emerge.  For  modtrate 
sized  messages,  each  network  relay  node  introduces  transmission  delays 
that  are  associated  with  bandwidth  and  message  size.  For  large  messages, 
since  tiie  entire  transmission  must  be  received  at  each  node  before  it  can 
be  retransmitted  to  the  next  node,  significant  delays  may  occur  at  each 
node  along  the  conmunication  path.  The  net  effect  is  a  large  and  possibly 
intolerable  delay  at  the  destination.  Furthermore,  if  there  are  any  errors 
encountered  that  require  message  retransmission,  the  entire  message  must 
be  resent.  An  alternative  usually  used  is  some  form  of  error  correcting 
overhead  added  to  each  mc.ssage.  This  then  also  delays  message  transmission 
by  increasing  message  size. 

Packet  switched  data  management  algorithms  provide  substantial 
advantage  over  message  switched  techniques.  Like  the  message  switched 
algorithms,  in  packet  switched  algorithms  Individual  messages  that  are 
less  than  the  maximum  packet  size  are  handled  inefficiently.  However 
for  messages  that  are  large,  packet  switching  offers  potential  benefits 
that  may  even  be  better  than  dedicated  lines  and  circuit  switching.  Since 
large  messages  arc  broken  into  packets,  each  packet  can  be  retransmitted 

-35- 


upon  receipt.  TIuik  pneket  r.witehinR  does  not  suffer  from  the  delay 
Introduced  by  waiting  for  the  entire  messaRC  to  be  transmitted.  Further¬ 
more,  packets  may  take  independent  paths  from  source  to  destination. 

When  there  are  parailcl  paths,  they  may  all  be  used  simultaneously  to 
achieve  a  bandwidth  larger  than  a  single  path.  Packet  switching  has 
been  demonstrated  for  continuous  voice  transmissions  (it  is  found  that 
ignoring  messages  received  out  of  sequence  presents  little  difficulty  in 
speech  understanding).  It  seems  reasonable  to  anticipate  that  packet 
switching  can  handle  other  types  of  continuous  transmissions. 

in  snnmuuy,  dedicated  lines  and  circuit  switch  technique  do 
well  on  all  sized  information  nnits.  Message  switching  performs  poorly 
on  small  and  large  sized  information  units.  Packet  switching  perform.s 
relatively  poorly  on  small  messages,  very  well  on  large  size  messages, 
and  efficiently  accomodates  mixed -size  messages. 

2*  Infotmation  Pate  of  Occurrence 

In  this  discussion,  the  terra  information  rate  of  occurrem c 
refers  to  how  often  an  information  unit  is  transmitted.  The  rate  of 
occurrence  is  not  necessarily  independent  of  the  information  unit  size, 
and  an  interrelationship  may  exist.  On  one  extreme,  there  may  be  a 
large  amount  of  time  between  transmissions  (hours,  days,  weeks,  etc.); 
on  the  other  extreme,  the  time  between  successive  transmissions  may 
be  minimal.  This  latter  situation  also  is  called  a  continuous  transmission 
since  it  is  not  very  relevant  from  a  network  point  of  view  whether  the 
transmission  is  one  long  Information  unit  or  many  short  information  units. 
The  time  between  transmissions  is  a  common  communications  system  descriptor 
and  a  large  amount  of  statistical  study  has  been  developed  in  this  area. 

The  descriptions  of  message  events  may  be  uniform  (i.e.,  periodic  trans 
mission  intervals),  exponential.  Guassian.  random,  or  other  appropriate 
statistical  distributions.  In  development  of  alternative  data  management 
algorithms,  the  mean  time  between  transmissions  is  found  of  more  utility 
than  the  particular  statistical  distribution  of  the  information  rate  of 

occurrence. 
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For  dc-dicatcd  lines  and  circuit  switched  approaches,  the  time 
between  transmissions  is  not  important  for  Information  exchanL^c  purposes. 
When  the  average  time  between  transmissions  Is  large,  the  network  com¬ 
munication  resources  arc  unused  and  therefore  wasted.  As  a  result,  these 
approaches  arc  inefficient  when  there  is  a  large  amount  of  time  between 
transmissions  (note  "iarge"  is  relative  to  the  size  of  the  information 

unit ) . 


Message  switched  algorithms  are  predicated  on  sharing  communiea- 
tlon  resources.  This  approach  works  best  when  the  average  time  between 
sucessive  information  unit  transmi.ssions  for  each  message  sender  is  large 
relative  to  the  entire  set  of  message  senders.  The  overall  information 
throughput  as  well  as  the  efficiency  of  network  resource  utilir.ation  in¬ 
crease  with  the  number  of  messages  passing  within  the  network.  However, 
the  delays  encountered  for  transmitting  each  message  are  directly  related 
to  the  message  traffic.  Message  switched  algorithms  can  be  efficient  in 
the  use  of  communication  resources,  but  may  cause  large  celays  when  there 
are  many  messages  in  the  system.  In  addition,  the  relative  si.es  of  the 
messages  can  also  affect  how  well  the  message  switched  approach  can  ac- 
commocatc  mixed  size  information  units  since  a  few  frequent  large  messages 
can  delay  all  messages  through  the  system. 


Packet  switched-based  systems  follow  similar  design  goals  to 
message  switched-based  systems.  However,  packet  switched  algorithms  handle 
"bursty"  transmissions  well.  In  addition,  since  messages  are  broken  up 
into  packets,  large  messages  may  be  interlaced  with  small  messages  and 
typically  do  not  interfere  to  any  extent. 


In  summary,  both  dedicated  and  circuit  switched  data  management 
algorithms  handle  all  rates  of  information  occurrence  well,  but  are  Incfflcleut 
when  the  time  between  transmissions  is  large.  Message  switched  algorithms  ex¬ 
pect  the  time  between  transmissions  to  be  large  and  do  .not  provide  efficient 
nor  effective  service  otherwise.  In  addition,  large  information  units 
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can  have  a  detiiinental  effect  on  the  overall  network  performance,  espe¬ 
cially  If  they  are  frequent.  Packet  switched  alpoVlthms  also  perform 
best  for  infrequent  transmissions  from  single  users,  but  in  general  packet 
switched  system  performance  is  not  impacted  as  severely  with  large,  fre¬ 
quent  information  units  as  are  message  switched  algorithms. 

3 .  Transmi s sion  Time 

Transmission  time  is  that  time  required  to  send  one  unit  of 
information  betv.’oon  an  information  source  and  an  information  uiser .  At 
the  minimum  this  time  is  proportional  to  the  pliysical  distance  traveled 
by  the  information.  Other  factors  contributing  to  this  time  are  the 
interlink  bandwidrli  available  for  the  transmission,  the  selected  data 
management  algorithm  protocol,  system  requirements  for  message  acknowledge¬ 
ment,  transponder  delay  time,  and  relay  nodi.-  processing  and  queueing  times. 

For  dedicated  cliaunel  algorithms,  the  t ransi.ii ssion  time  delays 
are  principally  due  to  distance  traveled  and  available  transnls.sion  band¬ 
width.  Circuit  sv;ltched  algorithms  have  the  same  limitations  as  dedicated 
channels  in  terns  of  tran.u'’i5.sion  speed.  The  fu'idamental  time  delay  is 
proportional  to  t  =  d/c,  where  c  is  the  speed  of  light  and  d  is  the  sum 
of  the  distances  between  the  nodes  connecting  the  terminals.  For  a 
single  geosynchronous  satellite  connecting  two  terminals  on  the  ground, 
the  delay  is  0.24  to  0.27  second,  depending  on  the  locations  of  the  ter¬ 
minals  relative  to  the  satellite. 

Certain  network  protocols  lead  to  unduly  long  time  delays  among 
satellite  nodes  and  should  be  avoided.  These  protocols  arc  those  which 
demand  a  message  receipt  acknowledgement  (ACK)  before  sending  each  data 
block.  A ‘solution  to  minlraiising  time  del.ay  among  satellite  nodes  is  to: 

•  Use  long  data  blocks,  and 

•  Initiate  transmission  of  a  given  data  block  without  waiting 
for  ACK  to  be  received  on  the  previous  block. 

Another  contributing  factor  is  the  transponder  delay  time  or 
the  Lime  required  for  the  signals  to  propogate  through  the  amplifiers 
and  the  frequency  translation  or  demodulation  and  re-modulation  processes 


within  the  transponder.  In  general,  it  Is  'on  the  order  of  tn/B,  v;hcre 

m  =  number  of  stages  and  B  “  circuit  bandv.'idth .  I'or  a  2000  MHz',  bandwidth 

transponder  of  tc’n  stages,  the  transponder  delay  time  thus  would  be  on 

9  --9 

the  order  of  10/2x10  =  5x10  '  sec.,  which  is  negligible  compared  with 

the  fundamental  propagation  time  delay. 

On  board  processing  and  queue  timers  are  highly  variable  and  may 
well  constitute  the  greatest  time  delays  in  many  situations.  Included 
are  such  functions  as: 

e  Address  recognition  and  message  or  packet  switching  time. 

•  Data  queues,  while  data  is  awaiting  conplote  processing. 

•  Actual  processing  Lime  to  achieve  data  compression,  culling 
of  roost  significant  values,  special  computatioriS ,  motion 
detection,  or  some  other  processing  function. 

Message  switched  algorithm  time  delays  generally  arc  a  function 
of  both  distance  and  channel  band  width.  .Since  each  message  must  be 
received  in  total  before  it  can  be  relayed  to  anotlu-r  node  in  the  net¬ 
work,  delays  arc  proportional  to  the  sia.c  of  the  message  and  the  nurrber 
of  nodes  traversed.  In  additioir,  a  message  can  be  forced  to  waif  in  a 
queue  at  each  node  betv;ecn  the  source  and  user.  Queueing  delays  are 
proportional  to  the  total  traffic  in  the  communication  system.  Thus 
the  larger  the  number  of  network  users  and  the  larger  the  message  trans¬ 
mission  si^es,  the  larger  the  delays  for  any  given  message  of  any  size. 

Packet  switched  algorithm  time  delays  are  also  a  funct ion  of 
transmission  distance  and  channel  bandwidth.  At  each  node  along  the 
way,  independent  decisions  must  be  made  to  determine  the  next  node  to 
send  each  packet.  Each  individual  computation  can  be  designed  to  be 
minimal,  but  their  total  time  accumulation  may  be  significant  if  a 
packet  must  travel  through  many  nodes.  Queueing  delays  for  packets  are 
generally  less  than  those  for  message  switched  algorithms  since  the 
packets  can  be  handled  uniformly.  Another  advantage  of  packet  switching 
over  message  switching  is  that  portion.s  of  a  message  can  be  rctraiismitted 
before  the  entire  message  is  sent.  Of  course,  the  potential  bandwidth 
of  a  communication  path  can  be  increased  when  the  satellite  communication 
system  architecture  supports  parallel  interlinks  between  nodes. 


.  In  summary,  dcfJicatfd  and  circuit  switched  alfiorlthm  trans¬ 
mission  time  delays  arc  proportional  to  distance  traveled  and  Interlink 
bandwidth.  The  effective  bandwidth  can  be  increased  by  creating  In¬ 
dependent  parallel  interlinks  and  selecting;  data  management  algorithms 
to  coordinate  exploitation  of  this  resource.  Message  switched  algorithm 
time  del£iys  are  particularly  sensitive  to  the  number  of  nodes  traversed, 
size  of  messages,  and  total  traffic  within  the  communications  network. 

I'achet  switched  algorithm  time  delays  are  less  sensitive  to  these  iactors. 

In  particular,  paclu't  switciied  based  transmissions  are  relatively  in¬ 
dependent  of  the  size  of  transmissions  of  otiior  network  users.  Depending 
on  the  system  architecture,  packet  switched  data  manageiiicnt  algorithms 
offer  the  opj’ortunity  for  effective  exploitation  of  parallel  paths  through 

the  network  to  increase  the  relative  transmission  bandwidth  between  any 

,  ,  4,6,11,40* 

given  source  and  user  nodes. 

4 .  Connect  Delay  Time 

The  time  required  to  set  up  a  comi’iun: ration  between  an  infor¬ 
mation  user  and  information  source’  is  the  connc'ct  delay  time.  Tli  i  s  time 
is  highly  dependent  on  the  particular  data  management  algorithm  used. 

The  dedicated  channel  approach  is  a  trivial  case,  since  this  time  is 
negligible  by  design,  i.e.,  there  should  always  be  an  open  line  between 
each  pair  of  communicators. 

Circuit  switched  algorithms  can  have  large  connect  delay  times. 
Each  time  that  communications  are  required  n  route  must  be  determined 
and  all  required  resoiuces  must  be  allocated  to  the  communication  circuit. 
Since  individual  interlinks  may  not  be  shared,  it  is  possible  for  all 
circuit  resources  to  be  allocated,  forcing  the  new  coimminicatlon  request 
to  receive  a  busy  signal.  In  a  priority-based  system,  a  higher  priority 
transmission  may  "bump"  a  lower  priority  transmission.  The  actual  im¬ 
plementation  for  this  "bumping"  may  be  quite  complex  in  order  to  prevent 
the  loss  of  lower  priority  information.  Depending  on  the  network  architec¬ 
ture,  considerable  processing  may  be  required  for  the  actual  circuit  set¬ 
up.  Furthermore,  if  central  controls  are  used,  then  additional  Lime  will 
be  spent  communicating  with  the  controller  to  set  up  the  now  circuit.  It 

*  References  are  given  in  Appendix  C,  Project  Bibliography 


has  bfcn  cstiniitccl  that  Lhis  circuit  scL-up  time  may  range  from  30  seconds 
for  a  simple  satellite  architecture  with  no  interlink  contention  to  several 
minutes  for  mote  complex  <aiid  highly  used  circuit  systems.  If  the  system 
is  opC!rating  at  saturation  and/or  poorly  tuned,  circuit  set-up  delays  of 
hours  may  occur.  For  example,  this  already  occurs  on  some  computer  net¬ 
works  wliere  it  is  necessary  to  request  a  communication  circuit  hours  in 
advance  of  the  expected  time  of  computc’r  use. 

Message  sv;itch(!d  a.lgoritlims  generally  do  not  have  an  appreciable 
connect  delay  time  problem.  One  reason  is  that  message  switch  systems 
typically  .are  not  used  for  interactive  (tv;o-W3y)  communications  and 
consequently,  the  si  g.n  if  icant  time  delay  is  that  needed  to  transmit  a 
message.  However,  thert;  may  be  delays  in  entering  a  message  into  the 
network.  This  delay  is  usually  due  to  the  queueing  capacity  ai.d  flov/ 
capacity  of  tlie  node  receiving  tlie  me.ssage.  These  delays  are  V.ighly 
dependent  on  the  physical  characteristics  of  the  node  processing  and 
storage  resources. 

Packet  switched  algorithnis  r av  have  a  small  connect  delay  in 
addition  to  that  of  message  switched  -ilgorithms.  This  delay  is  due  to 
the  time  required  for  a  packet  to  traverse  the  network  to  its  destination, 
establish  the  communication,  and  then  acknowledge  that  the  communication 
path  has  been  established.  The  time  required  would  be  at  least  twice  the 
minimum  transmission  time,  estimated  to  he  between  5  and  30  seconds. 

In  summary,  dedicated  channels  do  not  have  any  connect  delay, 
while  circuit  switched  algorithms  have  connect  delays  which  can  be  very 
large  and  require  much  computational  processing.  Message  switched  al¬ 
gorithms  arc  not  generally  measured  by  connect  delay  times.  Packet 
switched  algorithms  have  connect  delay  times  that  arc  at  least  twice  the 
minimum  transmission  time  plus,  possibly,  processing  at  one  end  of  the 
communication  path.^’^^ 

C .  Communicatlons-Rclated  Considerations 

A  number  of  algorithm  design  factors  must  be  considered  which  relate 
to  the  commiinicatlons  functional  level  of  Figure  II-l.  These  include 
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coinmun Ic n  t  io ns  sy s t imii 

•  Reliability 

•  Vulnerability 

•  Service  Security 

•  Service  Flexibility 

•  Kfficiency 

A  discussion  of  each  of  these  factors  follovas. 


1 .  Re] inhility 

re]  lability  is  essential  for  any  iDilitary  coniirunications 
system.  IVir  any  cormiunicat ions  netv;ork>  data  tnana^’.er.;enL  reliability  is 
the  performance  factor  describing’,  the  ability  of  the  con.iUiiiicaLicns  system 
to  perform  its  functions.  Reli, ability  is  a  component  of  system  failure 
and  includes: 

•  Mean  time  hetween  failures 
e  Percent  resends  of  data  transmissions 
«  Mean  time  to  repair 

In  a  dedicated  communications  system,  reliability  is  the  overall 
product  of  individual  component  reliability  since  the  system  is  designed 
to  support  only  one  application.  Moreover,  single  application  support 
sometimes  produces  simpler  systems  and,  thus,  more  reliable  ones.  In 
the  case  of  a  dedicated  satellite  communication  system,  the  addition  of 
other  features  to  optimize  other  perfortnijneo  factors  could  cause,  the 
system  to  be  more  complex  than  similar  ground-based  systems.  In  this 
case,  the  dedicated  satellite  data  management  may  be  less  reliable  than 
alternative  approaches. 

For  circuit  switched  data  management  algorithms,  the  reliability 
is  proportional  to  the  average  number  of  nodes  in  a  circuit  in  addition 
to  a  factor  proportional  for  the  complexity  of  circuit  switch  technology. 

In  addition,  the  greater  the  number  of  alternate  circuits,  the  greater  the 
reliability  for  the  complete  circuit  switched  algorithm-based  coramunicntlon 
system. 


•  t.'  . 
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•  For  a  iiic'ssanc  switched  data  management  algorithm,  the  number 
of  alternative  paths  available  for  a  message  transmission  contributes 
to  the  system  rtiliability .  However,  due  to  the  nature  of  the  system 
(i.c.,  entire  messages  transferred  between  nodes),  single  node  relia¬ 
bility  greatly  affects  the  system  reliability.  This  is  an  inherent 
weakness  of  this  approach. 


For  a-pneket  switched  data  management  algorithm,  reliability 
is  also  proportional  to  the  average  m’:-!)er  of  nodes  traversed  by  a 
packet.  However,  reliability  is  enhanced  f>vcr  that  of  message  switching 
due  to  tlie  inherent  nature  of  packet  rwitched  algoritlims  which  optimise 
the  transmission  of  small  information  units.  For  example,  a  packet 
switch 'd  algor  itliri  may  take  advantage  of  the  ALOHA  positive  acknc.-wlcdge- 
ment  technique  which  has  been  found  to  hav'e  minimal  effect  on  total 
transmission  tine. 


In  summary,  dedicated  channel  and  message  switched  bascu 
approaches  may  be  less  reliable  than  tl'c  allcrnative  algorithms  due  to 
features  that  nrast  be  added  to  ensure  total  systeit!  usefulness.  Circuit 
switched  and  packet  switched  based  approaches  have  bnilL-in  features  that 
add  to  their  reliability.  It  seems  evident,  however,  that  packet  switched 
data  management  algorithms  can  be  the  most  reliable  general  purpose 
approach  due  to  the  opportunity  provided  by  a  variety  of  parallel  inter¬ 
links  available  for  transmission  of  each  packet  of  a  total  information 


unit 
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2 .  Vul nerab i Lity 

Vulnerability  describes  how  a  communication  system  wi thstands 
unauthorized  access,  jamming,  spoofing,  and  destruction.  For  each  space 
communication  system,  the  critical  components  are  the  satellites 
themselves,  the  interlinks  between  satellites  and  to  the  earth,  and  the 
ground  nodes.  The  satellites  are  vulnerable  to  destruction,  but  can  be 
somewhat  protected  by  having  sufficient  redundancy  in  their  various  com¬ 
ponents.  For  dedicated  channel  system,  redundancy  may  require  additional 
satellite  nodes.  This  can  bo  very  c.\penslve  since  these  extra  satellites 
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may  not  J)C  used  unless  needed  (of  course,  if  they  were  used  then  the 
system  is  no  longer  dedicated).  For  the  other  data  management  al¬ 
gorithms,  redundancy  can  be  built-in  since  each  is  based  on  the  sharing 
of  resources.  The  loss  of  Individual  interliTiI'.s  between  satellites  or 
between  the  satellites  and  ground  is  equivalent  to  jamming.  This  prob¬ 
lem  can  be  tolerated  witl.  sufficiently  redundant  interlinks  between 
information  source  and  user. 


Protection  againat  unnut hori zed  access  and  spoofing  of  a 
satellite  cotTtmnnicat  ion  system  rc  quirtjs  Lhiit:  the  system  contain  access 
controls.  Tliese  controls  shonld  bi.'  dynanic  to  assure  more  complete 
protection  tlnri  solely  using  stcitic  acetsss  controls,  'i'bis  means  that 
proces-ing  is  required  both  to  allow  acec'rs  to  the  system  and  to  determine 
whether  si'ooflng  or  uiinulhor ized  access  occurs  during  system  operation. 

In  a  dedicated  system,  this  processing  w’ould  have  to  be  accomodated  with 
tiie  basic  communication  resonrers.  It  adds  to  sy.steni  co:’iplexity 
and  overall  expense.  For  circtiit  switched  based  approachc.s,  the  static 
processing  could  l)c  incorporated  into  tlic  original  circuit  set-up  pioces.slng. 
However,  any  dynamic  protection  proce.'.^sing  would  also  reqc.ire  a  specially 
designed  processing  capability  to  be  added  to  the  system.  For  message 
switched  and  packet  .switched  ha.sed  approaches,  the  processing  could  be 
incorporated  into  the  required  .switch  processing  onbocird  the  satellite 


nodes.  Since  packet  switching  readily  supports  bidirectional  interactive 
communication  (in  contrast  to  message  switching),  necessary  packet  switched 
algorithms  can  incorporate  protection  tcchnlciues  into  the  nctworir  bidirec¬ 
tional  protocols.  Both  the  bidirectional  nature  of  packet  switching  and 
the  fact  that  messages  are  divided  into  small  data  packets  which  can  be 
routed  independently  (a  built-in  protection)  lower  the  vulnerability  of 
this  algorithm.  It  also  appears  that  the  amount  of  extra  vulnerability 
processing  required  for  packet  sw’ltched  algorithms  may  be  smaller  than 
with  other  approaclios. 

3.  Service  Security 

Service  security  refers  to  the  method  required  to  protect  in¬ 
formation  transmitted  between  the  Information  source  and  the  information 


uf;i*r.  Encryption  Is  the  basic  technique  used  for  information  service 
security  and  would  be  required  for  each  of  the  alternative  data  manoKe- 
ment  nltorithms.  backet  sw'iehed  alf-orithms  offer  a  potential  additional 
means  for  security  since  each  packet  contains  a  small  amount  of  a  total 
transmission  and  most  packets  must  be  intercepted  to  intercept  a  com¬ 
plete  message.  In  addition,  if  parallel  interlink  transmissions  are 
possible,  then  the  interception  of  the  packets  may  be  difficult.  Parallel 
transmission  is  easy  for  packet  switched  al got itbms . ^but  can  be  difficuit 
for  the  other  data  management  algorithm  approaches. 


25 


^ ^ '-‘i vice  Ei  ex  thi  1  ity 

Flexibility  describes  bow  well  the  eonmuni cat i on  system  can 
handle  a  variety  of  information  flow  demands.  This  factor  cover;  the 
variety  of  information  unit  sixes,  rates  and  communication  priorities. 

By  definition,  dedicated  channel  systems  have  no  built-in  flexibility. 
Instead,  the  users  must  decide  for  themselves  on  types  of  information 
units  transmitted  and  how  to  inteirnpt  transmission  if  necessary.  Cir¬ 
cuit  switched  algorithms  are  similar  to  dedicated  systems  in  their  flexi¬ 
bility  except  that  it  is  possible  to  restructure  the  comraunication  cir¬ 
cuit  network  under  priority  demands. 

Message  switched  algorithms  are  relatively  flexible.  It  is 

possible  to  assign  a  priority  to  each  message  and  use  it  to  help  deteiminc 

how  »eosaf.o8  flow  throogh  tho  network.  An  hns  boon  provlonsly  nolod, 

nndor  n  mons.rBO  swUchod  op, .rood.,  the  exlntenoc  of  lorgo  oossoges  in 

the  system  can  significantly  slow  the  tronsmission  of  short  messages. 

Slmil.orly,  packet  switched  algori dims' can  handle  communication  priorities 

like  message  switched  .algorithms.  The  sice  of  Indivldn.ol  Information 

units  mostly  affects  the  transmission  of  that  Information  and  no  others. 

In  this  rospoct,  p.acket  switched  algorithms  seem  the  iK-st  flexible  among 

2  2 

the  various  data  management  alternatives. 


5.  Efficiency 

Conmuiications  system  efficiency  may  be  measured  in  two  ways: 
one  from  a  systems  view  and  the  other  from  a  unit  transmission  view. 


From  Llie  Kystcins  vicv/,  efficiency  reflects  how  v^cll  the  system  processing 
and  transmission  resources  are  utilized.  This  efficiency  measure  is 
directly  related  to  the  actual  sharing  of  these  resources. 

A  principal  reason  for  considering  the  use  of  multi-mission 
space  communications  nctworhs  is  to  take  advantage  of  sh-'iring  expensive 
and  possibly  scarce  resources  among  several  system  users.  Dedicated 
systems  by  definition  tiave  no  resource  sliaring.  Thus  in  a  truly  dedicated 
satellite  coir.mun  icat  ion  system,  each  user  or  generic  a;)plicatlon,  sucli 
as  surveillance,  meteorology,  HPV  control,  or  othr'rn,  will  require  a 
completely  separate  satellite  s'.\  ei:i.  Circuit  switched  systems  share 
resources  among  users,  hut  are  highly  Inefficient  when  circuits  are  as¬ 
signed  and  not  being  used.  Mes-age  switched  and  packet  sv;itchpd  data 
management  algor  i  tbrs’  periiii  t  tb.e  sliaring  of  comauinicnf  ion  network  resources 
very  well  among  the  system  users. 

From  a  unit  transmission  view,  the  courern  Is  with  tlie  efficiency 
of  transmitting  an  information  unit  measurc:cl  as  a  function  of  required 
ovcrlicnd  lor  that  transmission.  Since  bc'lb  ded icalc'cl  syc:lcms  and  circuit 
switched  approaches  do  not  require  dcrjtinalion  addressing  or  routing 
information,  the  only  overliead  involved  would  he  due  to  satisfy  reliabil¬ 
ity  requirements. 

In  store-nnd-forward  routing  approaches,  some  form  of  information 
urdt  reliability  overhead  Is  required  of  each  alternative  data  management 
algorithm.  For  message  switched  algorithms,  the  overhead  is  proportional 
to  the  extra  data  tliat  must  be  transmitted  to  identify  the  message,  its 
destination,  and  sometimes  its  routing.  For  small  messages  this  can  be 
.significant,  but  for  large  messages  the  overhead  will  most  likely  be 
small.  For  packet  switched  algorithms,  the  overhead  for  an  entire  message 
Is  the  sum  of  individual  packet  overhead  values.  The  larger  the  number 
of  packets  per  message,  the  greater  the  Information  unit  overhead. 

In  summary,  dedicated  and  circuit  switched  systems  are  ineffi¬ 
cient  with  respect  to  resourco  sharing  but  have  relatively  low  informa¬ 
tion  overhead.  Message  switched  algorithms  efficiently  share  reso  rces 
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and  liave  overliaad  thai  dccroasfs  with  Information  unit  sizn.  Packot 
switched  algorithms  have  highest  efficiency  resource  sharing  but  are 
the  least  efficient  in  terms  of  overhead  required  per  information  unit 
size. 

D.  Performance  Measures 

Of  the  several  basic  considerations  essential  to  selection  of  a 

sateilite  data  management  algorithm,  riuch  importance  must  be  ])laced  on 

tliosc  functional  operations  used  to  transmit  information  from  its  source 

to  its  users.  In  order  to  judge  tin'  success  of  the  operation  of  specific 

algorlthnir,  employed,  performance  measures  of  data  management  algorithms 

are  used  as  a  r, leans  to  quantify  tlu-  ])erformanct:  of  the  data  management 

'll 

functional  operations. 

There  are  two  points  of  view  eoucerning  the  performance  of  a  data 
management  .system.  Tliese  viewpoints  concevn  (1)  tlie  operations  of  tlie 
system  and  (2)  the  use  of  the  system.  Tor  soi.e  criteria,  thc'se  viewpoints 
agree  on  levels  of  importance  and  opt inizati on ,  but  there  are  many  per¬ 
formance  criteria  on  v.'liich  the  vlevqroints  will  diverge  concerning  relative 
importance  across  representative  military  missions  to  be  supported.  In 
the  worst  case,  each  individual  mission  will  require  the  optimizing  of 
different  performance  criteria  indicated  by  these  measures. 

Several  performance  criteria  are  of  importance.  These,  include: 

•  Efficiency  of  Data  Compression 

•  System  Capacity 

•  System  Availability 

•  System  Use 

•  Distortion  and  Noise 

A  discussion  of  each  of  these  factors  follov7s. 

1 .  Efficiency  of  Data  Compression 

Data  management  algorithms  encompass  the  compression  of  data 
for  transmission  and  its  subsequent  reconstruction.  There  are  two  distinct 


•**'  **■*  ■  ■*^V*’  '*  ■  ■*  t<L 


classes  of  dal;a  compression  alj^orithms:  pne-diniensional ,  as  applicable 

to  text,  data  and  voice  cucodinp,,  and  multi-dimensional,  such  as  the 

35 

two-dimensional  alj’oritiims  applicable  to  lmii[^c  encoding. 


Much  of  tiic  work  on  algorithms  for  one-dimensional  source 

data  coTiprcssion  is  iiased  upon  tiu*  Huffman  codes,  which  are  variaiilc’- 

Icngth  codes  for  characters  and  character  strings.  Other  techniques 

include  fixed  length  coding  fer  character  strings,  bin-iry  data  com- 

nrossion,  sucii  as  run  length  encoding,  and  irreversible  compression 
i  26  39 

codes,  such  as  transition  distance  coding,  the  scundex  code,  and  others. 


The 


Karhuneu-l.ocve  Transform  (Kl/f)  is  optimal  with  respect  to 


variafi-c  distribution,  mean  square  error  mim imitation ,  aud  rate 

35 

tion,  but  lacks  an  algorithm  enabling  its  fast  computatjon. 


di sLor- 


The  Discrete  Cosine  Transform  (DC! )  ,  on  the  othe  r  haiid ,  lesults 

in  a  very  small  increase  in  mean  square  error  over  thcf  KLT,  but  can  be 

computed  with  an  algorithm  using,  the  last  Fourier  Iransfcrm  (FFl).  The 

•  --  35 

M  DCT  coefficients  can  be  computed  using  a  ?-M  point  Hi. 


A  low  complexity  data  compression  technique  developed  in  con¬ 
nection  with  the  Earth  Resources  Technology  Satellite  (HITS)  Program  is 
tailorc’d  to  the  characteristics  of  multi-spectral  data.  It  can  be  im¬ 
plemented  to  provide  compression  ratios  in  excess  of  2:1  at  over  100  M  bps 
with  zero  distortion.  It  is  known  as  the  Spectral-Spat ial-Dclta-Inter- 
leave  (SSDI)  algorithm.  The  SSDI  operates  on  the  spatial  redundancy  in 

each  spectral  band,  and  then  uses  the  result  to  reduce  spectral  vodun- 

33 

dancies  between  adjacent  bands. 


Differential  pulse  code  modulation  (DPCM)  is  used  to  form 
pixel  differences  along  each  scan  line.  Then  second  differences  (A  s 
of  the  A’s)  are  formed.  On  the  average,  the  second  differences  are 
less  than  the  first  differences  because  of  spectral  correlation.  A 
triple  of  the  interleaved  first  and  second  differences  then  allows  re¬ 
construction  of  the  pixel.  For  each  pixel,  one  spatial  difference  and 
three  spectral  differences  arc  sent, 
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Ihe  coiiipriisbuil  liLt  ;>Lrc’;i!.i  fdii.sist.s  dI  fiourcc  encocljiif;  of  the 
differences  symbols  oiul  tliis  encoding,  is  based  on  flie  statistical  occur¬ 
rence  of  tlie  diffenences  symbols.  The  technic]uc-s  used  include  the  Global 
Huffman,  Adaptive  Huffman,  and  the  Universal  Rice. 

An  SSDJ  improvement,  known  as  SSUIA,  uses  a  bJock  of  contipiious 
pixels  to  generate  first  difference  symbols.  It  obtains  a  higher  average 
compression  than  SSUl  by  exploiting  the  two-dimensional  correlation.  In 
aclditann.  it  smooths  :;ensor  and  sampling  noises  through  avivaging,. 

A  fur-hei  impiovemonl.  SSUIAM.  allows  the  mapping  of  original 
pixel  intensities  before  the  first  dH  ter,  tuns,  are  formed.  (The  "mapping" 
restricts  ll,e  intensity  levels.)  A  small  amonnt  of  distortion  is  M,en 

allowed  in  Ll>e  t ceonst r ue ted  data,  in  return  for  which  a  higher  compression 
ratio  l.s  acli  i eved  . 


^  S  'LHi?  IL*  *  > 

ilie  capacity  of  a  data  irianagement  network  is  defin_(!  to  lie  the 
amount  of  iufoimation  fnar  can  be  delivered  tl.e  end  user  node.  There 
are  various  components  to  tltc  measure  of  system  capacity.  Thr>  usual  units 
for  measuring  cniiaclty  include  the  number  of  available  cliannels,  cliannel 
band-width,  and  computed  baud  rate. 


From  the  oi)e.rational  viewpc>int,  transmission  rapacity  in  terms 
of  bit  rates  and  numbers  of  channels  is  an  important  basis  for  capacity. 
For  the  user,  applications  oriented  informal  ieii  is  more  Important.  Tims, 
if  processing  is  performed  in  the  satellite  communications  system  to  send 
only  pertinent  Information  to  the  ground,  the  rapacity  is  ha.sed  on  that 
quantity  of  information. 

For  example,  if  a  user  is  interested  in  counting  the  numbers  of 
buildings  in  a  certain  sector,  the  picture  processing  could  be  performed 
on  either  the  ground  or  at  the  stnsor.  Wlien  a  ground-based  node  Is  the 
processing  unit,  the  entire  picture  description  must  be  transmitted. 
However,  if  the  processing  is  performed  in  a  satellite-based  .source  or 
relny  node,  only  final  figures  need  to  be  transmitted  to  the  ground. 

Ihe  end  user  observes  the  same  sy.stem  capacity  (assuming  devices  with 
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the  r.an,e  resolution),  hut  the  satellite  network  need  support  a  much 
smaller  amount  of  data  transmission  capacity  when  processing  is  per¬ 
formed  in  orbit.  Naf.rally  a  drawback  with  orbit  processing  is  that 

raw  data  is  lost  and  thus  can  not  be  processed  for  other  concurrent  or 
future  applications. 

^ •  System  Avaj la b i 1 i t v 

An  information  network  such  as  the  envisioned  multi-mission 
space  corraunicatiens  system  is  only  useful  when  it  is  operational.  Thus 
the  very  simple  criteria  of  system  availability  is  u: .ful  to  both  these 
responsible  for  operating  the  system  and  especially  for  those  using  the 
systci..  Ihe  motliods  used  for  measuring  availability  are  fairly  sin, pie 
and  are  usitally  stated  as  tlie  percentage  of  up  (or  down)  time. 

System  availability  is  nu  extremely  relative  term.  For  example, 
the  space  communications  network  m.ay  be  excellent  for  all  of  its  func¬ 
tions  bet  it  may  lose  its  usefnluess  if  it  is  only  operational  1  hour 
per  day  wluai  the  need  is  for  11.  hours  per  day.  The  reasons  for  the 
lack  of  availability  do  not  matter  to  the  user  and  as  such  be  does  not 
care  whether  the  sevvJcc  is  down  due  to  failure,  politics,  maintenance, 
or  other  reasons.  Of  course,  the  operations  personnel  are  likely  to  be 
more  concerned  with  the  rec-isons  for  lack  of  availability,  but  the  users' 
availability  demands  must  be  paramount. 

.  System  U.se 

Closely  allied  with  the  performance  measures  of  system  capacity 
and  availability  is  the  relative  measure  of  system  use.  As  used 
herciu.  system  use  is  a  measure  of  the  use.  of  the  processing  and 
transmission  resources  of  tlie  satellite  communications  system. 

The  data  .sources  on  which  use  measures  are  bn.sed  include  (1) 
counting  actual  data  transmission  traffic  in  terms  of  message  bits, 
Characters  or  other  appropriate  units,  (2)  measuring  message  sizes,  and 
(3)  message  frequency  and  other  traffic  measures.  It  is,  however,  more 
a  measure  of  how  much  -of  the  potential  system  capacity  Is  being  used. 


Fron  Lite  operations  viewpoint,  system  resonrees  should  probably 
be  highly  employed  so  that  little  of  their  potential  f.oes  to  waste. 

However,  hlyh  usaeo  often  provides  lower  .service  based  on  such  u:ier 
criteria  as  error  rate,  response  time  (l  ran.smissi.on  time),  and  pos¬ 
sibly  even  security.  Thus  the  user’s  interest  is  often  for  somewhat 
less  tiian  maximum  potential  when  there  may  be  an  as.sociated  d^pra-huion 

of  service. 

As  a  performance  r;.nsure.  an  optimum  pcrronta);e  of  resource 
u.sc  f-onsi:;tent  with  t rausmi re; i ou  priorities  is  difficult  to  d.leniune. 

A  lOOf  utilisation,  or  close  to  it,  means  a  system  that  is  on  the  ver,e 
of  ovevlo.nd  and  which  may  quickly  develop  long  queues  if  all  possible 
input  data  requires  eventual  transmission.  A  relatively  poor  us.age 
may  roan  the  syst(m-  lias  the  capacity  to  tolerate  rairge  overloads,  but 
may  be  diificuU  to  econer, i cal  1  y  justify. 

5  •  h  j  s  t  o r  t,_j  oi q_.a.nd__.\oJ  se 

The  actual  i.nConnraion  content  that  is  trainsmatted  ray  be 
allcvod  duo  to  Iho  iraosmisr-to,  rK'«s»-  ’’ms  is  la.mu.  ns  disturtim,. 

Tor  cxainplo,  coni  l  Ibiitiiif,  fnoLoru  to  tin'  transmission  error  role  or 

distortion: 

•  Image  Flemcnt  Size  (inverse  to  bit  rate) 

o  Quantization  of  Image  Element  (inverse  to  bit  rate) 

.  Random  Noise  in  Channel  (of  concern  in  mrgin.al  eliannels) 

•  Data  Compression  Effects 

The  tytiioal  petformnneo  moasnros  that  are  used  for  data  manaiiomont  al- 
eorithm  purpoBCO  include  (1)  crrors/m'ssaf.c/t ime ,  (2)  number  of  resends. 

DopondlnB  on  the  applications,  .a  certain  amonnt  of  distortion 
may  he  acceptable.  For  osa.ple,  the  tr.nnsmlsslon  of  voice  or  other 
relatively  low  Information  content  data  may  be  understamhablc  uith  a 
high  deproe  of  modification  of  the  input  data.  Unless  hipb  resolution 
is  required,  pictures  may  also  be  acceptable  with  noise  and  distortion. 
However,  as  the  data  is  processed  at  its  source,  it  becomes  less  redundant 
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and  more  compact,  and  thus  diatorlion  and  noise  ran  become  a  problem. 
As  with  other  criteria,  the  particular  application  probably  will  pro¬ 
vide  the  basis  for  the  acceptability  of  distortion  and  noise. 


A  Comparative-  Evaluation  of  Data  Manageiiien t  Al);orithnis 


Tables  V  and  VI  present  a  summary  of  satellite  data  management 
algorithm  alternatives,  VJith  regard  to  mission  considerations  and  with 
regard  to  communication  systems  considerations,  respectively.  Of  course, 
a  mission-related  comparative  evaluation  cannot  be  riadc  until  specific 
mission  inforimu  ion  cxelrmge  requirement  s  for  each  specifiv'’  mission  to 
be  supported  ai  e  identified.  As  a  first  compai'ison,  liov7ever  ,  the  generic 
mission  requirements  discussed  in  the  previous  chapter  may  be  used  for 
this  purjiose. 


It  may  be  seen  in  Tables  V  and  VI  Hint  dedicated  channel  systems 
handle  all  infetuation  unit  sixes  and  information  rates.  In  addition, 
dedierted  channel  systems  have  no  connect  time  and  mininum  t tfinsmi ssion 
time.  They  are  ideal  in  suijport  of  a  single  purpose  mission.  Without 
other  considerations  (such  as  cost  and  resource  fdiariiig),  didicated  lines 
appear  to  be  a  better  choice.  For  multi-mission  support,  hovjover,  as  well 
as  effective  resource  sharing,  packet  switched  data  management  algorithms 
appear  to  be  the  preferable  choice  in  the  Implementation  of  a  multi¬ 
purpose  communication  system.  Packet  switched  data  management  algorithms 
will  handle  mixed  information  unit  sizes,  medium  and  large  times  between 
transmissions,  short  system  connect  times,  and  a  wide  range  of  transmission 
times. ,13,22 
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TABLE  V 

MISSION  COMPARISON  OF  DATA  rmNACITlENT  ALGORITHM  ALTERNATIVES 


Infor.nation  Unit  Size 


Mixed : 

DC,CS,PS 

Small : 

DC,CS 

Medium: 

DC,CS,MS 

Large : 

DC,CS,PS 

Infornv'ition  Rat ^ 

Continuous:  DC,CS 
Small:  DC.CS 

Medium:  DC,CS,PS 

Larse:  DC, CS, MS, PS 

Time  to  Connect 


None : 

DC 

Short : 

PS 

Longer: 

CS 

Transmission  Time 

Mlnitnuni : 

DC,CS 

Moderate : 

MS, PS  J 

Note;  '  PS  significantly  lower  than 
equivalent  MS  operation 

Large: 

MS, PS  J 

Key:  DC  -  Dedicated  Channel  MS  -  Message  Switched  /vigor ithm 

CS  -  Circuit  Switched  Algorithm  PS  -  Packet  Switched  Algorithm 
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SYSTEM  COMPM^ TSOM  OF  DATA  MANAGEMENT  AEGORTTIIM  Al .TERNATTVES 

Resource  Sharing, 

Low:  DC 

Sonic:  ■  CS 

Much;  PS, MS 

Vulner.ib i litv  (Regu Ired  Adhitioncl  Pi  occco.  j ne  Power) 

Little:  PS, MS 

Some:  CS 

Much:  DC 

Reliabi li  ‘  y  (Inhere ■  nj. _)_ 

Low:  DC, MS 

Moderate:  CS 

lligl'.;  PS 

Servic e_  Secur Ity 

Same  for  all;  inherently  PS  can  be  most  secure. 

Service  Flexibility 


Low:  DC 

Medium:  CS,MS 

High:  PS 

Efficiency 

Low:  DCjCS 

Moderate'.  MS 

High:  PS 


Key:  DC  -  Dedicated  Channels 

CS  -  Circuit  Switched  Algorithm 


MS  -  Message  Switched  Algorithm 
PS  -  Packet  Switched  Algorithm 


CIlAl’Tr.R  V 


S A'lT  1 ,1,1  TE  NlTOl^lvyrA 


A. 


]nirucluct,i_ori 


Th,-,  previous  ct„.,>lc-rs  Pnvp  ilevtiopod  tlu-  foupJ.ntion  for  on  ovolo- 
Lionory  s.lLcllito  coiiinonicot 'ooo  nolv;ork  end  11,0  fond.,,.),  nt.il  loo.  idr 
tions  for  dnta  „,,p„o,,or»,a  olyorirhr.,  for  sool,  a  notworl,.  Fr„«  iMv  l-ois. 
It  is  posslltlo  to  ostabl1r.l,  on  ,.vol  ut  loonry  not  of  rrillcol  isnoos  rola- 
tlvo  to  sntcllito  notoorl  dam  ranaf.ooont  opporton  1 V  I.  ».  Foot  orltiC.al 

issues  orc'  identif iotl! 


*>  Duvelopincnt  o£  Desired  Mission  Re  c,n irer.cn ts 
«  Avnilability  of  Mecossavy  Technology 
.  PracLicality  of  a  Mull  i-Mis.sion  Network 
«  Potential  to  Improve  Information  Esc  and  l>Tt sentat ion 

Encii  is  a  necessary  oonsldcratlon  in  order  to  boond  dam  floo  al f.oritbins 
and  .assess  the  iF.pnet  o£  socb  rules  on  netvoik  cap.ibility. 


These  issues  represent  both  opportunities  and  liei.atlons  relntlve 
to  the  ultimate  success  and  utility  of  n  multi-mission  space  eommunteations 
network.  A  discussion  o£  each  oE  theso  tour  sntollito  network  data 
management  Issues  is  presented  in  the  following  sections  of  this  chapter. 


lleveloppont  of_j;oslre<l_Misslon  Ro<iujromenm 


It  is  obvious  that  specific  mission  conmiunlcation  re,ulrements  must 
be  established  before  data  mauagement  algorithms  tor  that  mission  can  be 
further  developed.  In  particular,  it  is  necessary  to  develop  actual 
inform-ttion  eschange  requlrcmcuts  for  all  missies  to  he  supported.  use 
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include: 

•  Infomation-Flow-RcliTtcd  iactors,  auch  as. 

-  Timeliness 

-  Priority 
Access  Control 

•  Information-Use-Pvclated  Factors,  such  as: 

-  Availability 

-  Application 

-  Routing, /ll^stribution 

P  Technical  Parametric  Factors,  at  a  minlnum: 

Information  Rate 

-  Duly  Cycle 

-  Data  Redundancy 

-  Number  and  Geor.raphlc  Distribution  of  Sources  and  Users 
•  Node-Related  Factors,  such  as: 

Functli'n  and  Location 

-  Threat  Invlroumert 

The  utility  of  these  factors  has  been  considered  In  Cliaptets  II  ihroup.h 
IV  and  v.’ill  not  be  repeated  here. 


Clearly,  as  was  shottn  in  the  comparative  scneric  requirements  of 
representative  missions  in  Chapter  III,  there  is  often  an  inherent  dis¬ 
parateness  in  the  simultaneous  support  of  more  than  one  mission.  Never 


thelcss,  mission  requirement  support  tradeoffs  can  be  found  through 
creative  compromise  and  the  application  of  sophisticated  data  management 
algorithms,  such  as  packet  switched  approaches. 


It  is  strongly  felt  that  this  issue  represents  the  most  important 
opportunity  to  be  developed  in  future  satellite  data  management  efforts. 


C.  Availability  of  Necessary  Technology 

In  the  uetailcd  consideration  of  satellite  data  network  opportunities 
it  is  necessary  to  postulate  the  availability  of  necessary  network  tech¬ 
nology  as  well  as  to  identify  inherent  technological  limitations.  As 
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ur.cc]  herein,  "technoloj-.y"  considers  the  physical  real  izat  Lon  of  the 
envisioned  network  using  existing  computer,  communications,  and  satellite 
components  or  reasonable  extrapolations  thereof.  Although  a  thorough 
teclinological  assessment  was  beyond  the  scope  of  this  study,  many  sources 
of  technology  projections  through  through  the  year  2000  and  beyond  were 
fouiid  readily  available. 


Critical  technology  areas  which  affect  the  implementation  of  al 
govitinis  are: 


e>  Logic  Circuit  Components 

•  Procesnor  Architecture 

o  Computational  Performance 

«  Memory  Systems  (opcration.rl  control  and  data  base) 

•  Spacecraft  Power  Sources 

•  Spacecraft  Transmitter  i.lmils  (power  and  bandwidtii) 
e  Antenna  Perfor.narce  Limits 

«  Satellite  Lifetime 


In  general,  these  critical  technology  areas  arc  each  well  (stablish.cd 
disciplines,  witli  many  simultaneous  research  and  development  programs 
now  underway.  For  each  corecs  it  was  found  that,  although  requiring 
state-of-the-art  technology  (and  in  some  cases,  "blue  sky"  extrapolations) 
for  realixation  in  the  next  two  decades,  the  teclmology  necessary  to 
support  required  data  manageiucnt  algorithms  seemed  feasible  with  a 
reasonable  probability  of  attainment. 


For  example,  it  is  necessary  to  cstimale  on-board  satellite  node 
processing  requirements  for  specific  data  management  algorltlims  in 
support  of  specific  missions.  This  estimation  must  consider  basic 
computation  sizing  parameters  sucli  as; 

•  Processing  Bandwidth 


•  Memory  Capacity 

•  Distributed  System  Architecture 


Addition.-.]  oo„oldcr.->t]o„n  In  devolopKnt  ot  Ihouo  r.  ooircmonts  IncU.do: 

•  Physical  Size  and  Wcip,ht 

•  Power  Requirements 

•  Reliability 

SpncitlcnlJy,  throe  con.pnwtion  tcoi.er.ent  cr.tlm.iten  most  consider: 

•  Data  Compression  Alp.orithras 

e  Netxrork  Rcfiource  Utilization  AlcoTithms 

•  Alternative  Processor/Ketwork  Architecture 

It  may  he  postulated  that  in  support  of  these  requirements,  each  node 
of  a  satellite-based  data  network  may  employ  one  or  more: 

•  General-Piirirose  Processors 

0  Special  Purpose  Processors,  such  as; 

-  Pipelined  Architecture 

-  Parallel  Architecture 
—  Array  Proccs.sors 

—  Multiprocessor  Configurations 

-  Associative  Processor  (loelc-in-mcmory  architecture) 

to  implement  each  distinct  data  manaRcment  algorithm.  Of  course,  the 
applicability  of  these  potential  proces.sor/network  architectures  to 
specific  data  management  algorithms  is  dependent  upon. 

0  Inherent  Parallelism  in  the  Algorithm 

•  Algorithm/Data  Dependencies  (computational  independence) 

0  Data  Base  Organziation  Considerations 

Three  especially  critical  technology  areas  were  identified. 

These  were: 

0  Interlink  Data  Rate 
0  Frequency  Selection 
0  Link  Privacy 

1.  Interlink  Data  Rate 

It  is  found  that  the  high  data  rates  (soy  10  -  10  ‘  bps) 

required  in  interlink  transmissions  may  not  be  supported  by  postulated 
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technology.  In  particular.  Interlink  data  rates  to  support  a  general 
mul tl-iivLsslon  packet  switched  network  raay  not  be  adequate. 


For  example,  consider  Air  Force/NASA  forecasts  for  A.  D.  2000 
37 

possibilities  : 


Sateilife  Iviterl  ink  (CO^  Laser):  10^°  bps 

Low  Altitude  to  Synchronous  Satellite  (CO^  Laser):  A  x  10^  bps 
Deep-Space  to  Near-Earth  (Laser):  10®  to  10^®  bps 
Earth  to  Synchronous  Satellite  (Mi crnv.'ave)  :  10^ bps 

-  Multi-Beam  Antenna  (50  -  20  G  bps  Channels  at  AO  GHZ) 


Dat.a  Compression  of  100:1 


e  Portable  Terminal  Earth  to  Synchronous  Satellite:  A  x  10®  bps 


2 .  Freqi.ieticv  Selection 


t\s\  intrinsically  related  issue  to  interlink  data  rate  is 

frequency  selection.  The  space-earth  link  may  be  a  critical  bottleneck. 

The  follov.’inp,  sumjnarixes  frequency-related  llnitatiuns: 

Space,  to  Space:  Few  Propagation  Limitations  above  ionosphere  identified 
to  date 

Space  to  Earth:  o  Below  2  CHx  not  generally  suitable 

•  2  to  10  G1L-.  Range  is  optimuia  for  propagation,  but 

heavily  used 


10  to  300,000  GHz  range  contains  numerous  propaga¬ 


tion  "windows":  space  diversity  on  ground  aids  in 
overcoming  precipitation  attenuation 


Higher  frequencies  subject  to  atmospheric  scintilla¬ 
tion  effects 


3 •  Link  Privacy 


The  link  privacy  factor  seems  an  area  with  low  technological 
potential  without  the  use  of  highly  directive  laser  interlinks.  \et 
link  privacy  is  an  especially  important  implementation  consideration, 
in  that  link  privacy  is  critical  to  network  penetration/jamraing/spoof ing 
vulnerability  issues. 

Link  privacy  may  be  achieved  by: 
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•  Use  of  extremely  narrov;  beam  widths 

•  Transmission  behind  propagation  barrier 

•  Use  of  special  coding  techniques 

It  is  noted  that  the  first  tv;o  requirements  may  be  met  with  laser  inter¬ 
satellite  links,  although  laser  Interlinks  are  not  as  effective  on  the 
space-ea)th  link  due  to  propagation  consldcrat Jons.  In  this  case,  special 
coding  techniques  appear  most  promising. 

D .  Practicality  of  Multi-Mission  Nc;! v.’orks 

As  a  pliilosoptiic  issue,  it  is  necessary  to  assess  tlie  ultimate 
practicality  of  a  multi-mission  netv.'ork.  This  assessment  must  he  done 
with  respect  to  botli  the  mulLi-inission  nc  twork  u.sovs  and  the  implementation 
feasibility  tradeeffs  (e.g.,  meclianical/systeris  detail  crnGtraJnts  and 
potential).  At  a  r.initjiiii,  this  assessiia  nt  r^ust  consider  issui;s  of: 

•  Time  sensitivity  of  information  transmission  vs.  time  delay 
Inherent  in 

-  Switched  network  queueing  delay 

-  Multi-satellite  link  overhead 
Geostationary  orbit  link  delay 

•  Resource  contention  among  missions 

0  Extent  of  permissible  resource  rcduncancy 

•  Desirable  percentage  of  resource  utilization 

•  Network  operation  at  saturation  loads 

Again,  specific  considerations  for  each  of  these  factors  have  been  considered 
in  previous  chapters  of  this  report. 

On  both  n  conceptual  and  a  practical  plane,  it  is  possible  to  identify 
various  inconsistencies  and  mutual  exclusions  relative  to  support  of  various 
military  missions.  The  most  critical  issue  clearly  seems  to  be  the  inherent 
time  delay  of  a  satellite  relay,  especially  a  multi-hop  satellite  relay,  in 
support  of  certain  time-sensitive  missions. 

It  is  necessary  to  consider  the  entire  set  of  potential  missions  to  be 
supported  to  determine  which  ones  are  sensitive  to  time  delay,  and  thus 


unable  to  tolerate  the  delay  of  a  multi-hop  satellite  system.  A  review 
of  representative  military  missions  has  indicated  that  there  are  no  mis¬ 
sions  in  which  it  can  be  categorically  stated  that  a  double-/or  triple- 
hop  delay  's  intolerable.  However,  those  missions  that  are  delay  sensi¬ 
tive  are  tho.se  involving: 

•  Attack  v’arnlng,  where  timely  target  point  prediction  and  trajec¬ 
tory  estimation  are  are  of  pi  iraary  importance 

o  Control  loop  response  speed  and  stability 

For  example,  representative  attack  warning  missions  include; 
e  i'allistic  and  FOF.S  Detection 

o  Advanced  Aero.spaee  Defense 

V  Missile  Launch  Indications 

Similarily,  examples  of  representat ivi-  control  loop  response  situations  are: 
e  RPV  Control 
e  Missile  Tracking 

The  time  required  for  the  data  processing  needed  to  perforin  targeting 
and  trajectory  prediction  is  a  complicated  function  of  tin  number  and 
quality  (or  noisiness)  of  the  available  data  points,  the  processing  al¬ 
gorithms  and  circuit  speeds  available,  and  the  a  priori  knowledge  available 
about  the  object  launched,  as  viell  as.  its  firm  ident if ication.  Values 
range  all  the  way  from  under  a  second  to  four  to  six  minutes  or  more. 

The  ultimate  practicality  of  a  multi-mi.ssion  network  is  most  probably 
a  function  of  the  compromise  attained  in  the  support  provided  to  varion.s 
time-sensitive  missions.  Other  aspects,  including  issues  of  resource  re¬ 
dundancy,  resource  utilixation,  and  levels  of  network  saturation,  are  Im- 

'i 

portany  but  secondary  considerations  in  the  realization  of  a  truly  multi- 
mission  space  communications  system. 

F. .  Fotential  to  Improve  Information  Use  and  Fresentation 

The  final  critical  issue  relating  to  satellite  network  data  manage¬ 
ment  opportunities  are  considerations  of  the  ultimate  overall  (information 
source  to  information  user)  system  information  use  and  presentation 
to  the  end  user.  This  issue  involves  the  potential  for  the  data  manage¬ 
ment  algorithms  of  the  envisioned  space  comniuiiicat tons  network  to  provide 


as  well  as  support: 

Distriliiitcd  Data  I'roccsslnf; 


e 


•  Dlstrihulod  Infornarion  Stora^r* 

•  Dynamlc/Aciaptlvc  User  Interfacis  (ReprograiiiiTiinK  Capability) 

»  Informat j on  Fusion 


ECfc'Ctive  data  manaj’oirienl  algorithris  can  be  developed  to  supply 
total  iniormatinn  transmission  and  pi (u-es.slnj’  fro'i  source  to  user.  This 
requii'os  tlie  co;;;:.iuni  cat  ions  syston  be  considered  on  inf  ovmation  nc!tv.’ork 
that  can  provide  the  ultinatc  information  user  i.iili  a  fon'.iatted  display 
of  all  desired  picicessed  in fon  at  ion  vMth  optlona!  infoi'nation  trans- 
foriral  ion  charac!  er  i  sties .  Consistent  v’ith  the  inf ornntion  network  model 
develorjcd  in  Chapter  II,  the  inforr.al  ion  {.oiirce  and  user  must  be  capable 
of  r-;a inta  ining  an  interactive  dialog  in  a  dynaiai^'/ndc'ipt  ive  information 
exchange' . 


Although  a  significant  extension  of  current  cotc'nnd  cor/vnniCrat  ions 
syst  ats  capaiji  lity ,  this  idealised  infoimition  network  must  ndclitienally 
provide  nul  t i-source  inform'.lion  processing  and  fusion  in  support  of  tlie 
total  dccisicn  vequiretnent  r,  of  the  end  user.  It  is  'putentia.ll  y  feasible 
to  cons.ider  r.ueii  a  multi-mission  comnunic  ationa  system  to  provide,  fully 
integrated  and  fused  data  from  strategic,  tactical,  opcratic'iial  and 
intelligence  sensors  necessary  to  the  decision  process,  as  v.vll  ns  to  pro¬ 
vide  fusion  of  real-time  sensor  data  with  remote-  liatn  base  i  retrieval  to 
support  the  human  intell  cctual/annly t J c  process.  These  latter  issues 
relative  to  totaJ_  information  processing  and  pro'.cntation  to  best  meet 
the  overall  liiforniatlon  requirements  of  the  end  user  seem  the  most  com¬ 
pelling  of  satellite  data  maungement  opportunities. 
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CHAPTER  VI 

c;fPXiusio;;E_  a::d  RECO‘-r-iE n'dat tons 

^  •  It  ^  ’iLLiil!^ 

This  concluilinp,  cliaplcr  pros. , 'ill  s  a  In  iof  r.nntT’.'’.ry  of  the  rcsulLs 
of  the  SAMSO-sponsori'd  Ra  te.l  1  it*.;  Data  Man  .ip.oi.u-Mtt  Alp.or  ,i  Lhi^is:  Study. 
Several  hey  rcquii  od  toclinolop,  ic.il  devt  loppior.ts  identified  in  the  rourse 
of  th.if-i  effort  arc'  .-'Iso  discussed.  The  fJn.'il  section  ol  this  chapter 
additionally  include,';  recommenda t ions  ol  satellite  dnt,i  nannpement 
algorltbr.'  .areas  requiring,  continued  invc'sL  i  pat  ion  in  ^.ubsequent  ad¬ 
vanced  ,ap:;Cf'  ccr.r'.vni  eat  ions  res'Mrcli  ac.d  developr,.ent  iTocjar.ts . 

B.  Sunti.iry  and  Conclusions 


Satellite  data  nanagement  algorithms  consi.st  of  all  the  rules  v.’hich 
govern  infornration  flov.’  la  a  luii  U  i-satel  1  i  te  space  coiiiniunications  network. 
As  such,  satellite  data  management  algoritlrus  must  ent  oiiipass  basic  data 
communications  functions  and  proce.sscs,  Including: 

•  Network  Control 

•  Network  Routing 

•  Data  Compre.ssion 

•  Channel  A.ssignment 

•  Adaptive  User  Feedback 

•  Error  Detection  and  Correction 

•  Sccurity/Friority  Considerations 

•  Distributed  Data  Management 

•  Performanco/Resonree  Optimization 


•Vfw 


Tliis  '?tiKly  has  noccsyar  Lly  conca-'iilral  eii  on  issues  of  network  c  on¬ 
trol  and  rcniLin[',,  nlt  houfth  cons idevab] e  empliosis  was  (’iven  to  per  i plicral 
issues  of  network  arelii  cecture  options  and  user  reciuiroments.  There  Is 
a  substantia]  interrelation  between  information  exebans’e  function.s, 
connection-oriented  functions  and  c.onimunicat  ions-orient  ed  functions,  all 
of  which  are  the  domain  of  network  data  manaj’cment  alp.orltbms  (see 
Fif^ure  li-1).  Specifir  mission-related  alporitbris  studies  were  hindered 
by  a  substantive  lack  of  quantitative  mission  information  requirememts, 

•such  as  actual  i  n  f  orinat  i  on  qu.int  i  t  ion ,  necessary  transmission  rates  and 
tb.c  p,e'e.;i'a phi  ca]  d i  s tr  il)ut  ion  of  sources  and  nsors, 

Rc‘pre;'ent  at  ive  iiilitary  5ip:;ee  a'^tivities  used  in  th's  effort  were 
the  ;;u  i  \  e  i  1. 1  ance ,  ret  eorolo.'.ica  1  and  KPV  mi  .'f.  ions  .  Siirli  diverse  I'.i.ssions 
v,'ore  selected  to  provide  a  dl.'.pai'ate  variety  t.'f  inf  on. at  i  on-r  xc  h.  ine.e- 
related  attributes  to  best  test  the  potent  in1  of  a  ir.u1 1  i -mission  space 
co'i.riuni cations  sy.ste;" . 

Sf'veral  conclusions  arc  Vt'Ial  ively  st  ra  iylit  forwanl ,  The  lau  J  t  i  -  mission 
coiaVi'.ur.  Jea  t  ions  nlijcetive  appern  s  best  snpi'.ir  t  ed  by  use  cif  d  ist  ribut  i\e 
supc'i'v  j  S' ii'v  control  alp.or  itlims  and  a  prlc'i'ity  sckicr.a'  Ih.’t  allow.s  urpent 
mossapes.  to  pass  uniiindercd  by  network  blockade  from  1  ov.’-prior  i  ty  mc'ssages. 
Metworl;  routing,  cilf.f'ritbm  selection  is  not  a!-;  clear  and  requirts  considera¬ 
tions  of  v.u'ious  operational  tradeoffs  rclalinp,  to  actual  mission  charac¬ 
teristics.  In  the  wliole,  some  for.n  of  varialile  routine'  algorithms,  such 
as  distributed  packet  n-wltcbed  routing  al gtn  i  I  Inns ,  seem  the  most  reasonable 
compromise  to  accomplisli  effective  sharing  of  transmission  and  prorc'ssing 
resourci-.s  among  the  various  rni.ssions.  Sy.stem  extendabi  1  i t y  is  significant¬ 
ly  facilitated  by  packet  sv.;itched  routing  algorithm:;. 

Specific  packet  .switched  routing  issues  which  must  be  further  evaluated 
with  respect  to  actual  mission  requirements  are; 

•  Network  Rout  lug  Overhead 

-  Adaptive  control  is  best 

-  Distributed  decisions  across  network  arc  best 

•  Packet  Slxing  Overhead 

-  Large  pack»>ts  are  more  efficient 

-  Small  packets  arc  more  reliable 
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.•  Hriror  Coi  titI  ion  OvitIio.-kI 

-  ModornLo  ovorho.-id  {>er  pncko.L  roqnirt-o  few  roLvansmir.sions 

-  Small  ovrihoad  per  packet,  imp]  ier;  expecled  rctranrjinir.s lonn 
•  Security  Control  Overlicad  for 

-  Penetration  suppression 
Anti-janr.'iiii’/spoof in>’  meaftnres 
Resource  diversion  saf ep.uard ing 


In  general,  picket  swJtcb.od  1,‘nsed  netu’ork  data  manag.ement  algorithms 
tend  to  best  support  mu] t i-mi ss i on  applications  where  transmissions  are 
intcrir.i.t  (. I  nt ,  delay  iva'sI  he  ninimicod,  mersag.es  are  I'T  x'arions  Ic  iigllis 
(mixed  long  and  short)  and  simultaneous  Lr'n.snission  c’f  packc'ts  can  he 
accomplished  over  parallel  interlinks.  This  latter  fe.ture  is  a  principal 
advanta;/'  of  pa^'k'  (.  r.vilched  al;;or  ithms  over  coi:,paraMt  message  switched 
algoritlm's.  It  w;.n;  also  determined  that  ('Vevall  time  delay  is  the  most 
critical  consideration  lor  I'oriain  mission.',  fuich  as  Ri’l'  control.  In 
this  case,  the  ]ar<;er  time  delay  inherent  in  packet  r.witrhed  algca-ithm.s 
over  circuit  sv.’ltched  .algoritlitri  a.l  ternat  ivi  s  may  h.ca'.'ily  weigh  agaim.t 
their  use. 

C .  I d c lU  i f  ic a L_i  o n _cgf  Areas  kegu i ring  Fur  ther  Technol ogicriMk; vy_l np_r,iC!jU 

Ten  key  issue.s  have  been  identified  during  the  couise  t>f  this  study 
in  the  area  of  required  toclniol ogical  developments.  l.ach  is  discussed  in 
the  following  section. 

1 .  Ma n-llacbi n e  Interface 

What  data  doer,  the  user  need  in  order  to  perform  his  mission  most 
effectively?  Docs  ho.  know  what  he  needs,  how  to  request  it,  and  how  to 
interpret  it? 

The  problem  facing  the  user  is  typified  by  his  having  to  per¬ 
form  the  following  functions: 

•  Sifting  through  very  large  quantities  of  data  to  I'cduce  their 
volume  and  extract  information  relevant  ot  some  purpose. 


4  Apiilyinj.  lu-uristic  proccdm-.'s  to  limit  or  nrcol crot c  se.irch 
in  Lhf  exploration  of  decision  trees  too  Ifirp.e  to  be  followed 
to  conclusion. 

•  Buildins,  maintaining  and  accessing  largo  information  bases 
whose  application  and  content  may  chant, e. 

•  Controlling  many  concurrent  procedures  with  competing  require¬ 
ments  and  changing  priorities. 

The  man-machine  Interface  i.s  characterlj’ed  by  both  displays  and 
software.  The  ease  with  which  the  user  can  acccs.s  data  sources  via  the 
network  is  directly  related  to  the  expertise  needed  to  develop  and  use  the 
rcquiii.vl  S  i  r.:p  1  i  i  iet'  or  higher  order  marhino  languaj’es  may  hel]) 

to  solve  this  mnii-mac^i ine  i n t , o  r.-if <. 


this  maii-nac’iine  iiUei  face  prcbUi.,’. 


Con  espoudingly ,  the  in  id  exi.sL.s  for  romputi'V  systems  tint  can 
understaud  hunar:  language.  Tise  computCT  must  match  nan's  intellectual 
and  sensory  abilities  to  acquire  and  assimilate  knowledge.  Tin’s  calls 
foi  the  refinement  of  systems  that  provide  large  vocalnilarie.s  and  sopliis- 
ticatecl  l.inguage  capabilities  so  that  tlu^y  are  convenient'  to  use  and 
compatible  with  hican  cap-abili  i  res. 

^  at  ion  and  Information  Fusion 

Closely  1  elated  to  tlic  issue  of  the-  m.an-nncii ine  interface  is 
that  of  data  intei pi ctat ion  and  the  merging  of  disparate  informal  ion 
eleraont.s.  The  co.st  of  timely  data  interpretat ion  and  subsequent  multi- 
source  information  fusion  is  a  key  factor  Jimiting  the  amount  of  val¬ 
uable  .source  information  which  can  be  obtained  from  future  space  missions. 
The  need  thus  exists  to  automate  much  of  the  data  acquisition  and  data 
interpretation  process.  Much  of  this'  inqilementation  should  be  possible 
by  developing  programs  for  use  within  intelligent  spacebornc  nodes 
(satellites  with  on-board  processors). 

3.  Data  Compression 

The  steady  increase  in  the  amount  of  information  to  be  collected, 
processed  and  disseminated  by  space  missions  forces  the  development  of 
advanced  data  compression  techniques.  These  techniques  include  the  auto¬ 
matic  recognition  of  redundancy  in  Images  and  the  application  of  oata 
compression  without  loss  of  content.  Four  classes  of  applications  whicli 


have  been  iclcnLllled  .ire  those  requirini': 

•  Exact  or  nearly  exact  reconstruction  of  the  original 
source  data. 

•  Approximate  reconstruction  of  the  source  data,  v/ith  very 
little  perceptible  difference  between  images  produced  from 
the  compressed  dat.a  and  from  the  original. 

o  Production  of  high-resolution  thematic  maps  which  describe 

the  spatial  distribution  of  a  small  niimbc-r  of  source  classes 
that  arc  recognixahlc  from  the  spectral  properties  of  original 
data  samples. 

»  Determination  of  the  location  and  the  key  parameters  of 

prescribed  feature:,  lhat  occur  infrequently  within  a  survey 

area . 

On-board  proci'ssing  must  be  developed  to  allow  a  high  dcgiec  of 
data  cc:'’prnssicin  to  be  accorpl  i  shed ,  and  to  facilitate  quick  rLnet-on  to 
discovered  targets  of  opportunity. 


A .  liisj. r ibuted  Coriputat  L o_n 

The  development  of  distributed  computation,  of  intelligent  terminals, 
and  of  notv.’orks  that  tie  then  togethc'r  provide  users  access  to  a  wide 
variety  of  different  computational  facilities  whose  languages  and  conventions 
may  be.  unknora  to  these  users.  The  use  of  distributed  computations  has 
been  a  basic  assumption  underlying  much  planning  of  future  space  missions. 
However,  the  computational  capabilities  residing  within  the  Army,  the 
Navy,  and  the  Air  Force  cannot  all  be  linked  together  readily.  One  way  of 
making  distributed  computation  a  reality  is  by  adapting  machines  to  the 
conventions  of  natural  human  languages. 

5 .  Network  Security  Measures 

Technological  dcvclonmont  is  needed  to  prevent  interlopers  from 
ascertaining  what  is  being  transmitted  on  communication  links.  Although 
the  use  of  encryption  goes  a  long  way  tow.ird  this  objective,  increased 
security  is  needed  at  the  terminals  themselves,  where  decryption  has 
taken  place,  or  before  encryption  has  occurred. 

The  key  issues  with  respect  to  the  links  themselves  arc  the 
problems  of  jamming  and  physical  threats  to  the  satellite  nodes. 
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6  .  'Tt  ij;  1 

The  factors  limitlnp,  channel  data  rates  have  been  identified 
in  this  study  as  the  circuit  speeds  with  which  irodulators  and  demodula¬ 
tors  can  operate,  rather  than  inherent  handwidth  fac.Lnrs  of  tubes,  solid 
state  devices,  or  lasers  themsc'lves .  Moreovc-r,  data  stream  serialisers 
and  syiiehronizers  (for  combining  and  partitioning  data  streams)  present 
compaialile  limits  (on  the  order  of  1  to  2  t.’bps)  at  the  present  time.  Tlii: 
area  watiants  substantial  development,  especially  in  view  of  tlic*  fact 
that  many  satellite  links  can  provide  cxcelitint  received  s i gnal- to-nolsc- 
power-density  ratio  values  (i'.j;.,  30  df') ,  \;i  th  ennse  qu'n  t  high  ratios 
of  hJts/second  per  hertz  bandwidth  (e.g..  10),  through  the  use  of  high 
order  digit-'il  modnlai  ion  techniques. 

7.  k.  ijl 

llie  future  use  of  space  shuttle  Le’chnology  allov/s  spacecraft 
with  the  ability  to  carry  volumes  and  wi.‘i;'lit's  of  sol  id  state  components 
that  (  annot  possibly  bc'  powc'ted  becauem.  of  tlit*  rc^Iai  ieely  low  levels  of 
solar  i)Owor  available.  This  fact  calls  for  an  acoolcra.led  dcvelopm.ent 
program  in  the  area  of  radio-isotope,  thermoelectric  generators  in  order 
to  max  uni  zc  the  amount  of  on-hnnrcl  processing  capability  )ior.sihlo  on  a 
satellite  of  given  site. 


8.  ],i  nks  tic  tween  Maneuve)ahl  e  PI  a  t  f  orms  and  Sat  I'l  li  t('.H 

Maneuveriihlo  platforms  (aircraft,  helicopter;.,  jeeps,  etc.)  often 
must  have  small  antennas  that  are  either  low  in  gain  or,  if  of  high  gain, 
require  careful  pointing  toward  a  satellite  in  order  to  niaintaln  their  ; 

links,  lurthermore,  maneuverable  platforms  are  characterized  by  limited  |; 

primary  power  capability,  plus  widespread  demands  for  the  power  that  is  {] 

available.  The  development  of  improved  tracking  systems,  highly  accurate  H 

(<0.1  ),  small  (<0.1  kg)  and  very  agile,  thus  bccome;i  Important.  The  use  h 

j  ' 

of  electronic  (as  distinguished  from  mechanical)  beam  pointing  them  is  ■ 

Indie.,  ted.  jj 


ibis  requirement  i.s  important  not  only  for  maneuverable  platforms, 
but  also  for  fixed  platforms  operating  at  frequencies  above  15  Cltz,  at 


wliich  the  ])roblem  of  atmosphere- intlucoci  benm  v/ander  bceoincs  tiip,ni  f  ic  ant, 
and  requires  a  traekinj;  capability  also. 

9 .  Fre(|U(‘ncy  He-Usc  Teehnl ques 

Present  nnlltaty  satellites  have  an  inadequate  number  of  channels 
because  of.  limited  spectrum  availability.  Although  the  future  multi¬ 
mission  satellite  system  probably  v;ill  operate  at  frequencies  that  are 
not  presently  crowded,  steady  Increases  in  chita  rate  deiiiands  call  for 
the  r.orit  efficient  possil.'le  use  of  tlie  spectrum.  This  (bmaiuis.  thc'  ex¬ 
tensive  .'ippl  ication  c'f  freipiency  rc-use  techn  itpaes .  Such  technique's 
need  further  tochnol.ngic.al  development  above  1.5  hilz.  Tliey  include: 

•  Pol.-iri  :iat  i on  diversity 

«  The  use  of  multiple  hram  niiteunas,  with  nun.crcus  cross  ing 
beams  between  synchronous  orbit  ;.nd  users  on  earth 

e  Space  divet^.ity 

Although  not  a  f  requency-re-use  I  eclai  i  quo .  good  f’^octrum  usage  above  II)  GHz 
will  call  for  thc  use  of  fast  data  chuaps  hetweeri  satellite  and  earth  during 
good  weather  eondit i ons . 


10 .  l)ev_o  1 upmeat  of  Multiple  ^ 

Spot  beam  antennas  for  use  both  on  land  and  on  bc'ard  satellites  for 
the  10  to  300  GHz  frequency  range,  and  having  as  many  as  50  spot  beams,  are 
called  for,  and  warrant  serious  development  effort  in  the  preparation  of  a 
multi-mission  satellite  system.  The  rationale  for  such  development  lies 
both  in  the  areas  of  data  rate  requirements  and  efficient  spectrum  utiliza- 
t  Ion. 


D.  Areas  Requiring  Additional  Investigation 

A  number  of  areas  for  additional  investigation  which  should  be  per¬ 
formed  in  subsequent  phases  of  the  Satellite  Network  Data  Management 
Program  have  been  identified.  Those  include  conliuued  investigation  to 
further  provide  an: 

•  Improved  understanding  of  mission-information  characterist ics 
interrelationships 
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•  Kstabl  Lsliincn  t  of  mlninuii'i  I  imo  dc-lay  roqiii  t  omon  t  k 

•  Measure  tlie  c’xLi'Ut  of  information  recliinflaiicy  in  mission  data 

•  Kstablislimcait  of  vulnerabi  1  ity/survivability/rcillability  rc- 
qu  iri-'iiien  t!i 

•  Development  of  optlTuum  number  of  satellites  in  tlie  mul ti-nii!i5> ion 
space  netv;ork,  to  include  considerations  of  tlu-: 

-  E>.tcnt  of  useable  interliii’KS  per  mission 

-  Bounds  on  network  control  overhead 

r.>:ploiLat  ion  of  parallel  interlinks 

0  Evaluntion  of  coiiipuler/comainn  i  ca  t  if'iir /j.nlel  1  i  t  e  I  ochnnl  op.y  inter- 
rc'l  a  Lion  ships 

Many  of  thc'.e  issues  can  only  he  resolved  throup.h  computer  simulation  of 
network  dat  a  inanaf;er;(  nt  nl pori t  Imis .  Several  of  these  is.^'.ues  are  further 
discussed  in  this  i'K'ctitm. 

1 .  De\v .1  o,r.ren!  _o ^  'fo t '  \  I'.'.'iUi'’. 

lor  each  of  tlu  milltaiv  nMSsions  to  b*'  suppcwled.  it  Is  nec- 
ccssary  to  develop  a  deiinitivc  iorerast  of  eom-.iu'i  i  i  at  i  ons  ri-'qu  j,  vt :  iCii  •  s 
tlirough  tlie  ^car  20('0.  Ihese  involve  both  node- rel  ated  r-iquirericnt  s/ 
oj'portunit  iC'S  and  network  Infoimat  ion-related  requirc'meiit v/opportun  !  t ,u  s . 


Important  key  issues  are: 


o 

c 

a 

• 


Node  location  (l.e.,  satellite  vs.  terrestrialj 
Node  tliroal:  environwont  (at  sources,  relays,  usta’s) 
Node  survivability  and  reliability  eonsideral ions 
I n  f  o  rma  t i on -flow  pa  v  a  me  t  e  r  s 

Transmission  characleiistics 

-  Information  data  rate 

-  Duty  cycle 

-  Gooprapbic  distribution  of  sources  and  users 


More  generally,  this  development  requires  the  answers,  in 
both  qualita'ive  and  quantitative  terms,  to  the  following  questions: 


•  Wliat  does  the  user  need  In  terms  of  total  data  communica¬ 
tion?  (Consider  the  requirement:;  of  all  services.) 
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,  Wl.nt  vill  tho  ns-T  iH-  likc-ly  to  h.ivc  by  tlio  year  2000? 

•  What,  therefore,  would  a  muUi-n.iosion  r.atcUlte  system  do 
for  him? 

.  Khnt  untillcd  c.c.Mls  «;Ist  (,->mr.lclcri..K 

„„ls  of  oil  oorvioos),  for  v,Mcb  no  firr.  rolot.on  (implcmo,, 

tation)  is  planned? 

The  ol.c.ee  re(|ulre»c.iUs  oust  lion  l.i’  tranBlatecl  into  total  data 
volaoo  fron,  each  aouvee  location  to  each  dontlnatlon,  acconntin,;  for 
nloplor.,  half  dnplox  and  foil  doplo,:  r.a,a  h  oi.eaua .  In  other  uorda,  the 
plannin-  for  a  ,naUI-eloslo„  ..ilifary  ratellltc.  ny.t™  »uat  viaoaUae 
the  total  data  floe  that  the  .ovate, „  .neat  ho  able  to  handle  ta  the  year 
2000.  Other  re,,n  i tet'cnt.a  tnelade  thto  e  fo,  data  ni at e  a.. i.iiE  .'od 
vltliih  the  syaten.  All  of  this  inftoaa at  lea  laust  be  established  q.j.ihti- 
tat.ivc'Ly  before  the  sysLen  can  be  si'.ed;  i.e.: 

e  lloo  many  d  ita  rhannel^  are  needed  at  v’h.it  rates? 

r  How  many  voice  cliaiincls? 

e  Ho\;  many  video  cdir-unols? 

0  ll<.iw  i:u'Ui>  interactive  coninitev  thnnne-ds? 

•  Whore  are  the  tern  Inal  locations,  and  wliat  is  tlw  ^  e.it.ctod 
data  flow  to  and  from  each? 

2 .  er  t  ah  Lj  ■  1 ; .el.  11-' '..i nun  Dtd  oy_.Jle.qii1ii£Hie-' 

For  each  of  the  missions,  it  is  also  necessary  to  establish 
the  min.iir.um  tolerable,  delay  liet.wecn  source  and  user.  This  then  may 
establish  certain  physical  propagation-limited  constraints  on  the  net¬ 
work  architecture. 


Important  key  issues  arc: 

•  What  is  the  effect  of  the  pcneial  network  inlierent  delay 
on  the  mission? 

.  Cn.i  a  poncvnl  network  snppcrt  all  dcairod  tlDo-sonsit ive 
Information  exchange? 

,  Are  mission  information  cxchanBcs  inherently  limited  to 

-  One  single  hop  to  a  near-earth  orbit  satellite. 

-  One  single  hop  to  a  synchronous  satellite ' 

-  Small  number  of  multi-satellite  bops? 


The  user  node  mny  ropresciiL  the  {'.reaLcsl  challenge  to  network 
design  for  effective  utili'/ation  of  system  resources.  Important  key 
issues  arc: 

o  Data  pi'ocessing/dal  a  pi  osentat ion  trade-offs 

Human  factors  considerations  (preferred  displayed 
.  inforiiiation) 

Presentation  ]ev(‘ls  (alarm,  changes,  real-tine  data, 

storage  recall) 

I.imi  tat  icins.  on  presentation  and  classified  data 

•  Inforinat ion  utilization 

Post-procL'Ssing  vs,  jerc— process  lag 

Data  fusion  rcquireinents/i  apabjl  i  t  ict./opiun  I  unities 

A.  _Char_a_ctcj'i>ntion  of  Data  Manaj'ement  Opjmrt uni_t_ies 

Pundar'ental  to  the  just  if  lea  lion  and  plannhig  of  .-nv  lu-lv.-orl,  is 
the  cliaractei'i zatioii  of  the  data  to  be  transmitted  tM  that  netuorl:.  Sucl: 
a  characterization  ineludes  statistical  informe. t  ion  cn  inraeuagi^  lengths, 
ou-tiiiu;s,  data  rates,  as  well  as  overall  user  requirements. 

A  vealtdi  of  key  issues  involve  charartci  izal  i on  of  tlie  grcni  id- 
based  (terminal)  data  management  so  as  to  effectively  utilize  a  satellite- 
based  conmunictitions  network.  These  include: 

•  Requ ■remeuts  for  space  diversity  (constraints  upon  space- 
earth  bandwidth) 

•  Interfaces  ’.'ith  ground-based  user  nodes  and  own-  force  units 

Type  and  quantity  of  •channels 

Data  rate  per  channel 

Tradeoffs  must  be  performed  for  a  wide  variety  of  data  manage¬ 
ment  scenarios  (combinations  of  paths,  terminal  locations,  data  types, 
data  rates,  etc.)  between  processing  at  the  sensors,  at  nodes,  and  at 
user  terminals.  How  much  processing  should  be  done  where,  and  under 
what  conditions  for  each  requirement?  The  answers  to  the.se  questions 
will  establish  processor  and  memory  requirements  within  the  network. 


5.  •ConcejTj  S  iiiiul  ntion 

IL  wou]d  be  iiiost  u'-.eful  to  perform  a  fu1]-£:c'alc  sinuilaticin  of 
the  conecptual  p.onoral  izecl  luforuiat  ion  netvjork.  Due  to  the  complexity 
of  the  tafjk,  .such  a  simulation  is  not  likely.  However,  several  data 
manap,enie.nt  algorithn  design  issues  do  lend  themselves  to  simulation 
techivKiues.  Specifically,  these  arc  the  simulation  of  alternative  data 
manageiiicnt  algorithms  in  support  of  various  military  apace  missions  for 
determination  of: 

(I  Alternative  cnndidatf  infornatinn  flow  techniques 
(e.g,.,  .sw i  t chi‘d  \s.  pnck'.'.t-sv.’i  t  <  licci) 

t  Exploitation  oi  l  ink  parnllelisr’  in  routing 

Cl  ikuinds  on  support  for  various  mi.ssion  combinations 

C‘  Optit'u::!  alJocation  of  network  resources. 

»  Opt  it  urn  satellite  nua.ber.s  and  orbits 

t>  Ease  of  penetrat ion/di version/ janr.’.ing/.siHiof ing, 

o  Qu.anl  itativc  network  overhead  tme!  time  delay  cst  ir.ates 

Such  simulation  techniques  r  ay  be  the  only  reannnahl  e  ap.proach  for 
effective  rcrajlutioii  of  the  rew’ral  multi-mission  s..alelHto  nctv.’ork 
data  rrinnagciii'ent  design  issue.’,  previously  identilied  in  this  report. 


Al'l’KtJDIX  A 


KASlC  CO‘';!rNK:AT  ION  XKT>COitX  CONCEP  TS 


1.  1  nt  Endr.ct  j 

As  L'liiTfuLly  prsc  t  iced ,  t!:crc  art.  foi/t  nonci'pLs  eK  scr  ihin;:  the  use 

of  conrair.  i  cat  ions  nedia  for  cxchnnf’.inp  infonnation  botvaa.'n  sources  and 

users  wjLhiii  a  generalized  infeireit.  Jon  network. ^  Tliese  are: 

A  De.licatcd  channels,  uniquely  inL^rtying  one  ceinec  v,'ith 
one  user. 

•  CircuiL  (line)  .sviLcniiv',  as  is  dcuie  bv  the  jaiblic  lelo- 
pitone  netvork. 

c  Message  switching,  as  is  co’emon  in  the  t  rans'-i  ssion  of 
tc  legranis . 

e  Packc't  sv.’ Ltriiiny.,  as  is  becoming  sigjiificnnt  in  computer 
comuivin  icat  ions . 

The  differences  between  the  concepts  relate  to  factors  for  resource  shar¬ 
ing,  tiansninsion  spet'd,  systCiP.  reliability,  and  others,  as  are  de.scribed 
in  the  following  paragraphs. 

2 .  lied  t  ea  t  ed  Channels 

The  most  basic  approach  to  interconnecting  one  information  source 
and  one  information  user  is  to  provide  a  permanent  dc-dieated  line  for  this 
purpose.  Figure  A-1  shows  hov?  several  information  users  would  use  dedi¬ 
cated  lines  for  communications.  Each  user  must  have  at  least  one  line 
between  each  other  user  v^rith  whom  he  wishes  to  communicate.  By  defini¬ 
tion,  there  is  no  sharing  of  communications  facilities  In  this  system. 

Each  user  has  a  separate  coitunnn  icat  ion  port  (e.g.,  a  telephone)  to  each 
other  user  with  whom  commnnic.itlon  is  desired,  and  must  organize  their 
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usaj'.e.  DcpciiclLin’.  on  pci  non  il  rcsoin  cc  oiKmii'/at  ion,  onch  tir.oi  may 
perform  several  simnltaiicons  communications  with  other  users,  or 
alternatively,  choose  to  handle  only  one  communication  at  a  time. 


For  a  satellite  communication  system,  a  dedicated  line  consists 
of  one  or  more  satellites  that  uniquely  supporl  communications  between 
individual  information  sources  and  users.  The  implcmentat  ion  could  he 
a  single  satellite  or,  for  more  extensive  coverar.e,  through  multiple 
communication  satellites.  An  entire  satellite  communication  capacity 
could  be  dedicated  to  the  sin>'le  coimnun  i  ca  t  ion  o  r  individual  channels 
less  than  full  ratellite  capacity  could  he  dedicated  to  the  siucle 
coimiumication  path.  In  any  case,  the  entire  communication  path  is 
permanently  dedicated  to  only  one  pair  of  users,  independent  of  how 
the  communication  patli  i  physically  impl  cincntcii . 


3 .  C i  r c uJ_t-_  Sje i t cj due. 


In  order  to  permit  the  .sharin;;  of  commun  i  ml  ion  resources  among 
users,  a  scheme  of  creating  dedicated  communicat  ions  paths  as  needed  is 
used.  Tn  this  concept,  Inown  as  circuit  switching,  an  entire  path  is 
allocated  to  a  riven  transmission,  whether  used  or  not.  The  basic  idea, 
as  shown  in  Figure  A-2,  is  that  of  a  rudimentary  ttdephone  system.  Khen- 
ever  a  user  wishes  to  communicate  with  another,  a  line  is  established  at 
that  time  for  the  communication.  In  the  simple.sL  case,  a  single  switch¬ 
board  can  be  used  for  connecting  users,  but  more  general  sy.stcmc  can 
have  several  switebboards  between  users.  Since  communication  lines  and 
circuits  arc  shared,  there  m.ay  bo  contention  for  cominunicat iou  lines. 
Consequently,  there  can  be  times  when  the  communication  will  be  delayed 
or  even  impossible  (c.g.,  holiday  telephone  calls).  In  general,  circuit 
switching  is  useful  in  situations  requiring  continuous  transmissions  over 

long  periods  of  time. 


For  a  s.at-llite  communication  system,  a  circuit  switch  system  is 
similar  to  the  current  usage  of  single  communication  satellites.  When¬ 
ever  a  communication  path  Is  required,  it  must  becstabllshod  through 
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sonic  form  of  resource  nlloeaLiou.  The  piirLlcuhir  path  is  not  shared 
witli  any  other  user  other  than  multiplexing,.  When  multiple  .satellites 
are  utillxed,  a  circuit  switch  system  m.'iy  lie  iiukIi  more  complex  than  a 
dedicated  aysti'iii.  This  may  occur  if  distinct  comniLmlcation  paths  can 
he  cho.sen  at  tlic  outset  of  communication. 

A .  Ness  a  r;  c-  _S  w  chi  up, 

Dependiii;’,  on  t'ne  user's  communications  reqii  i  t  enients ,  it  is  possible 
Lc'  utllixe  marc  sophisticated  mcthoitf;  for  sli.arinft  ii'sources.  Tn  the  net¬ 
work  coneejJt  kao.v'ii  a.s  ner;.sae,e  .switchiiv’,,  onU’  one  chaimel  i.siisc'dnt  a 
time  for  a  p.ivcn  t  ransi.ii.s.s  >r>n.  Tin-  nx’ssap.e  tiMvels  from  its  .source  node 
to  the  next  node  in  its  p,,th.  V.'heii  tlu'  entire  r. escape  is  received  at 
this  node,  tlie  route  to  the  next  node  is  self'cted.  The  riess.-ii'e  r.iay  liave 
to  wait  in  queue  for  bu.sy  channelc.  to  clear,  sc'  mes.sape  switchinp,  involves 
store  and  f  o r w a r d  t c c h n  i  cj u c ■  s . 

To  illustrate  this  concept,  Figure  A-3  shoves  com.suni  c  at  i  on  perforned 
in  t  ransm.i  s  :  ion  of  fixed  messages,  such  ns  letter.s  and  leleyiams.  A  com¬ 
plete  me.ssape  is  transferred  from  a  source  to  a  user  as  a  unit.  The  mes¬ 
sage  is  placed  in  the  system  along  W’ilh  an  attached  de.st inat ion  address. 
Then,  based  on  the  system'.s  routing  algorithms,  the  message  is  eventually 
delivered  to  Its  destination.  There  is  usually  little  contention  for 
the  communication  system  port  (c.g.,  the  mallliox),  but  the  system's 
ability  to  transfer  messages  is  shared  and,  accordingly,  i.s  affected  by 
the  characteristics  of  the  message  traffic. 

Within  a  satellite  communication  system,  the  message  switching  tech¬ 
nique  requires  processing  and  memory  capacity  at  each  node  (c.g.,  ground 
station,  satellite)  along  the  communication  path.  The  pieecsslng  is 
required  to  determine  whore  next  to  send  a  given  message  along  a  path  to 
its  destination.  The  memory  Is  required  to  queue  messages  that  are  in 
transit.  Since  messages  can  be  of  different  sixes,  there  must  bo  suffi¬ 
cient  memory  onboard  each  satellite  in  the  network  to  store  at  least  the 
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lii.-j;esl  mci^saj’c  size  allov;c'd.  In  add  Lt  ion,  a  prucoss  i nj’  .sclicuno  must  be 
implemented  to  handle  mosanp.ea  of  vnryinp  sizes. 


PackeJ^  Swi  telling 


A  considet  alily  soplil  sL  icated  denand  inultlplexin;;  of  commim  i  Crat  ionf 
resources  over  that  of  message  switchiug,  is  possible  by  Lite  network 
teehrnque  known  as  packet  switching.  This  concept  is  based  on  the 
le.qu  i  re.ac  nt.  for  the  system  to  simultaneously  handle  a  variety  of  types 
of  jnforiiiation  traffic  as  well  as  to  cffee.tively  exploit  the  inltereuL 
para  1 1  c  1  Isi.i  of  mul.tipli'  iiiti'rcon!Kictio:i  paths  betwi/eu  .source  and  uscm  . 


In  packet  s\;itth'nf,,  individual  m 'ssages  are  In'okeii  into  piec.cvs 
called  pacbets,  each  of  which  has  a  ma i r.uim  leiv’th.  The  packet  si  are  nc.'.u- 
bored  and  addressed  and  proceed  tlirongh  the  nc-tworls  as  in  mos.sage  swi tell¬ 
ing.  Tn  a  distributed  packet-switched  network,  many  packets  of  a  given 
messcip,e  may  lie  in  t  ran.smission  .simultaneously.  This  pipelining  can 
reduce  transmission  delay  apprecial'ly  even'  tliat  of  mes.sago  swi  t  olling- 
The  reduction  may  In;  as  large  as  a  fact<'r  proporticnai  to  the  number  of 
packets  into  wiiich  tlic  messagL'  is  broken. 


Such  a  sliared  resource  communi cat  loirs  capahility  is  ill  usl  lai  ted  in 
Figure  A-4,  The  basic  concept  is  that  information  may  be  broken  up  into 
small  fixed  sizes  for  comiiiuni cat Ing  in  the  network,  luich  packet  may  bo 
routed  to  its  destination  indei  indent  ly ,  sonietimi's  in  much  the  same  manner 
as  In  message  switching. 


The  total  message  is  automatically  broken  up  into  its  component 
packets  on  entry  to  the  system  and  put  hack  together  at  the  destination 
before  delivery  to  the  destination  user.  This  feature  allows  the  packets 
that  make  up  a  message  to  be  routed  through  the  system  independently  and 
possibly  concurrently. 


Within  a  satellite  communication  system,  packet  switched  communica¬ 
tions  requires  processing  and  memory  c..apaclty  at  each  node.  (e.g.,  ground 
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sLntioii  or  BaLrllito)  alonf,  Iho  conuiunii  cat  ion  path,-  T.lkc  mosHnp.e  switcliocl 
communications,  tl.o  procosuinp,  is  r.-ciiiirccl  to  clftormine  tlie  next  destination 
for  a  p.icket.  However,  the  meimuy  onboard  a  salcliite  need  only  be  a  fixed 
inuli-iplc  of  the  pacln'l  size.  The  proces.sinp,  required  to  maintain  tlie  packet 
queue  handles  small  fixed  l(m;-.th  packets  as  opposed  to  varyin-  sized  messae.cs . 

6 .  CoiiH'a r a  t  Ive  Ai ia_]j/_s  is 

An  important  a'lvanta,;c  of  the  store  and  forv.vard  systens  (I'K'ssay.e 
and  packet  switching)  evu  circuit  switching.;  is  that  speed,  fonnit  and 
code  conversions  can  be  accorpl  i  shed  at  the  network  nodes.  Ccn;,plete  end- 
to-end  coinpitlhilitv  thus  is  net  recpiiied,  a.s  is  the  case  witli  cnnaiit 

switch]  up, . 

Another  advent  ee,c  of  store  and  forward  systems  over  circuit  sv;  itched 
sysLtv.'S  is  that  in  a  moderately  busy  network,  a  set-up  sipnal  r  av  find  it 
difficult  to  locate  a  ce^nplotc  path  of  nvailr-.'.ie  channels  from  .soui  ce  to 
destination,  i.e.,  the  svstein  is  •'husy"  or  blocked.  With  store  and  for¬ 
ward  te  hniques.  only  tiie  next  clu.nne]  in  Iho  path  needs  to  be  avoilahle. 

I’acket  switeiiini’,  has  a  furtber  advantac.e  of  being  able  to  adaptively 
select  good  paths  for  p.ickets  as  a  function  of  ncLwovk  congc.stion. 

besides  providing  snail  network  delays,  packet  switching  can  handle 
rdiort  messages  rapidly  even  ti.ough  long  messages  may  he  in  the  system  at 
the  same  time.  This  results  irom  the  fact  that  all  messages  are  broken 
down  to  packet  length.  Of  signiricaat  importance,  relative  to  a  message 
switched  network,  a  packet  switched  network  typically  has  only  modest 
nodal  storage  requirements  because  of  the  fact  that  all  messages  are  broken 
down  into  packets,  each  of  some  maximum  length  (say  lOM  hits  each). 

both  message  switching  anti  packet  switching  involve  the  use  of 
headers.  because  of  header  overhead,  the  number  of  bits  traiismittod  is 
loss  for  message  switching  than  for  packet  switching.  However,  provided 
the  messages  are  not  too  long  the  network  delay  is  less  for  packet  switch¬ 
ing  because  many  packets  of  a  given  message  can  be  t ran.smitted  simultaneously. 


r-  ■■'I, 


For  iiR-.sfiaj;o  swi  I  c  liiiip,, 


Dolay  tt  Mc.js.a;>e  Len^Lh  x  Niiinlier  of  Hops 
An  ac-.tual  delay  calculaLlon  must  also  include  Llie  transmission  delay  of 
each  hop. 


For  packet  .swi  L  t  iling. 

Delay  (Packet  hengll’  -  Number  of  Hops) 

■i  (Ter. I  X  Message  hcngth) 

-F  (Control  Sie.nal  Delay) 

As  with  riC'.'.sa'p  <',v.'i  t  e  h  i  r.g ,  an  actual  delay  calrulation  r.iust  also  include 
the  trans.'ii  ssi  on  delav  of  each  ii'-'i'. 

Becraise  digital  data  I  raaic-ii  ssi  cn  rt  (|u  i  r  emeiU  s  (both  source  and  user) 
tend  to  co",e  in  hursts,  they  lend  themselves  well  to  t’e.ssac.e  and  packet 
switcl’iine,  both  o1  which  involve  llie  sharin.c  ot  t  ran.smi  sr.  j  on  resources. 

In  s.uivnary,  the  use  of  packet  swi  t  cliin;.',  is  justificti  in  these  .situa¬ 
tions  in  witich  transnri  ssion.s  .tre  iut  crm i  1 1  eut  ,  delay  must  be  i.iiniiii /.ed  .  and 
messages  muv  l)c  of  considerable  length  and  s  i mul  t  anccuis  t  rans;'ri ss  ii.m  e£ 
packets  can  be  accor.ipl  i  sited. 
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APPENDIX  B 


ADDITIONAL  SATELLITE  DATA  MANAGEMENT  CONSIDERATIONS 

1.  Introducuion 

In  the  course  of  this  investigation,  a  number  of  issues  peripheral 
to  the  central  focus  of  the  study  were  developed.  These  diverse  topics 
considered  a  variety  of  necessary  technology  factors  in  the  effective 
design  of  satellite  data  management  algorithms.  Such  considerations 
included: 

•  ARPA  Network  Time  Delay  Considerations 

•  Space-Earth  Link  Limitations  vs.  Frequency 

•  Maximum  Possible  Interlink  Data  Transfer  Rates 

•  Satellite  Payload  Considerations 

•  Utilization  of  Transmission  Resources 

•  Effects  of  Satellite  Orbital  Parameters 

•  Motion  of  Geosynchronous  Satellites 

•  Satellite  Station  Keeping  Requirements  for  Laser  Transmissions 

•  Characteristics  of  Satellite  Packet  Switching  Networks 

Each  of  these  topics  were  discussed  in  technical  notes  prepared 
during  this  study  for  use  in  SAHSO  technical  meetings.  These  technical 
Issues  are  felt  to  be  of  high  Interest  to  the  overall  data  management 
program.  For  the  convenience  of  the  reader,  each  of  these  considerations 
is  abstracted  in  separate  sections  of  this  Appendix. 
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Response  time  T  is  the  average  tine  a  message  takes  from  its 
origin  to  its  destination.  In  the  ARPA  network,  a  "short"  message 
corresponds  to  a  single  packet  of  1008  bits  or  less.  If  is  the  mean 

delay  time  for  a  packet  passing  through  the  ith  link,  then 


m 


i-1 


where 


r  ■  total  traffic  rate  input  to  the  network  from  all 
fi  -  average  flow  rate  in  the  i  th  link  (b/s) 

M  ■  total  number  of  links 


sources  (b/s) 


average  time  a 
packet  waits  at 
IMP  for  link  i 
to  become  abail- 
able 


time  to  send 
packet  of  average 
length  1/p' 


propagation 

time 


where 

Ci  ■  capacity  of  link  i 
i/p'  ■  average  information  packet  length 

i/p  -  average  packet  length  in  the  system,  including  requests  for 
next  messages,  header,  acknowledgements,  and  parity  check 
di  -  propagation  delay  of  link  i,  seconds 


Assuming  a  relatively  homogeneous  set  of  and  di,  no  individual 
term  in  the  expression  for  delay  will  dominate  the  sdramation  until  the 
flow  in  one  channel  (e.g.,  channel  ip)  approaches  the  capacity  Ciq.  At 
that  point,  the  term  Tig,  and  hence  T  will  grow  rapidly.  The  expression 
for  delay  is  then  dominated  by  one  (or  more)  terms  and  exhibits  a  thresh¬ 
old  behavior.  Prior  to  this  threshold,  T  remains  relatively  constant. 

The  manner  in  which  delay  varies  with  throughput  for  four  cases  is 
shown  in  Figure  B-1,  where  the  letters  refer  to  the  following  conditions: 


A  -  Fixed  1000  bit  packets  (overhead  ignored) 

B  -  Exponentially  distributed  variable  length  packets  with  average 
size  of  500  bits  (overhead  ignored) 

C  -  Fixed  1000  bit  packets  plus  overhead  of  136  bits/packet  and 
per  request  for  next  message  and  152  bits  per  acknowledgement 

D  -  Exponentially  distributed  variable  length  packets  with  average 
size  of  500  bits  plus  overhead  of  136  bits/packet  and  per  re¬ 
quest  for  next  message  and  152  bits  per  acknowledgement 

The  curves  were  obtained  on  a  19  node  network  and  on  ten  nodes  of 
the  ARPA  net.  The  x's  show  the  results  of  a  simulation  that  omitted  axl 
network  overhead  and  assumed  fixed  lengths  of  1000  bits  for  all  packets. 
The  curves  show  that  as  long  as  traffic  is  low  enough  and  the  routing 
adaptive  enough  to  avoid  the  premature  saturation  of  cutsets  (links  that 
connect  one  group  of  nodes  to  all  remaining  nodes)  by  guiding  traffic 
along  paths  with  excess  capacity,  queueing  delays  are  not  significant. 

A  technique  developed  by  the  Defense  Communications  Agency  for 
traffic  that  is  longer  than  a  single  packet  involves  splitting  the 
buffering  between  the  originating  and  destination  nodes  and  essentially 
eliminating  the  segment  reassembly  process.  Short  response  times  are 
maintained  for  interactive  messages  and  large  bandwidths  for  long  data 
exchanges.  Variable  length  packets  are  used,  with  only  the  maximum 
packet  length  being  specified. 

Considering  header  requirements,  a  maximum  length  of  about  2000 
bits  was  found  to  be  optimum  for  the  line  efficiency  of  typical  circuits 
when  the  existence  of  rather  poor  access  circuits  is  presumed.  This 
contrasts  with  an  optimum  packet  length  for  the  ARPA-net  of  about  4000 
bits  to  maximuze  throughput,  although  network  efficiency  is  not  compro¬ 
mised  significantly  for  lengths  between  1000  and  8000  bits. 


3.  Space-Earth  Link  Limitations  vs.  Frequency 


The  following  section  presents  an  examination  of  all  wavelengths 
of  electromagnetic  radiation  down  to  the  ultraviolet  and  establishes 
the  factors  that  enhance  or  limit  the  use  of  each  spectral  range  for 
space-earth  communication.  Pertinent  parameters  are: 

s  Attenuation  of  the  medium 

s  Potential  Information  rates 

•  Limitations  on  lasers  for  satellite-ground  transmissions 

•  Feasibility  of  launching  and  intercepting  signals  efficiently 

•  Link  privacy 

A.  Attenuation  of  the  Medium 

(1)  Frequencies  Below  3  to  5  MHz 

The  lowest  electromagnetic  frequencies  (below  a  "critical 
frequency"  on  the  order  of  3  to  5  MHz)  are  reflected  by  the  ionosphere 
back  to  earth  and  thus  do  not  warrant  consideration  for  space  communication. 

(2)  High  Frequencies  (HF) 

Between  the  "critical  frequency"  and  a  "maximum  usable 
frequency"  (ranging  from  10  to  35  MHz)  lies  a  region  of  the  spectrum  in 
which  waves  vertically  incident  from  the  earth  upon  the  ionosphere  travel 
out  into  space,  whereas  waves  incident  at  oblique  angles  are  reflected 
back  to  the  earth.  In  the  lowest  frequency  portion  of  this  range,  only 
those  waves  that  are  almost  vertically  incident  penetrate  the  ionosphere, 
whereas  in  the  upper  portions  of  this  range,  waves  at  increasingly  large 
angles  penetrate  into  outer  space.  The  variable  behavior  of  this  frequency 
range  with  time  of  day,  time  of  year,  and  the  eleven-year  sunspot  cycle, 
make  it  generally  unsuitable  for  reliable  space  communication. 

(3)  35  MHz  to  10  GHz 

The  portion  of  the  spectrum  between  35  MHz  and  10  GHz 
la  a  region  of  relatively  low  attenuation  between  earth  and  space.  In 
this  range,  cosmic  noise  and  man-made  noise  are  present  at  the  low  end, 
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but  decrease  with  frequency  to  a  level  that  does  not  usually  exceed 
-180  dBW/kHz  at  2.0  GHz.  This  is  equivalent  to  a  78K  noise  temperature, 
typical  of  preamplifiers  readily  available  for  these  frequencies. 

The  frequency  range  between  2  and  10  GHz  is  heavily  used 
for  satellite  transmission  because  of  its  low  noise  and  low  attenuation. 


(4)  10  to  275  GHz 


Above  10  GHz,  moisture  and  other  constituents  in  the 
atmosphere  cause  the  attenuation  to  increase  with  frequency,  and  to  peak 
at  various  frequencies.  The  10  to  275  GHz  region,  however,  has  numerous 
bands  allocated  to  space  communication  based  upon  the  presence  of  trans¬ 
mission  windows.  With  space  diversity  on  the  earth,  such  frequencies 
should  prove  usable  even  during  local  rainstorms.  The  allocated  fre¬ 
quencies  (including  bro>:.dcasting,  exploration,  aeronautical  and  maritime 
satellites)  are  as  follows  (GHz): 


11.45  to  12.20 
12.50  to  12.75 
14.00  to  14.50 
17.7  to  22.0 
27.5  to  31.1 
40.0  to  48.0 
50.0  to  52.0 
65.0  to  71.0 
84.0  to  86.0 
92.0  to  101.0 
102.0  to  105.0 
140.0  to  152.0 
190.0  to  200.0 
220.0  to  230.0 
250.0  to  275.0 


Various  absorption  bands  exist  between  many  of  the  bands 
listed  above.  The  absorption  results  from  oxygen,  water  vapor,  and  other 
constituents  of  the  atmosphere.  Such  absorption  is  not  present  on  inter¬ 
satellite  link  paths,  however,  provided  the  paths  remain  above  the  atmos¬ 
phere.  Consequently,  excellent  link  privacy  is  afforded.  Development 
at  60  GHz  has  been  done  toward  the  objective  of  providing  private  inter¬ 
satellite  links. 
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(5)  Frequencies  Above  275  GHz 


Additional  windows  exist  at  higher  frequencies,  which 
go  well  into  the  Infrared  region. 

12  15 

A  general  window  is  found  from  10  to  10  Hz  (1000  GHz 
to  1,000,000  GHz).  This  corresponds  to  wavelengths  of  300  microns  down 
to  0.3  microns,  and  Includes  the  near  infrared,  optical,  and  near  ultra¬ 
violet  ranges.  The  use  of  this  window  is  limited  by  cloud  presence, 
since  clouds  contain  particles  whose  sizes  are  comparable  to  the  wave¬ 
lengths  of  concern.  The  advantages  of  these  frequencies  are  the  ex¬ 
tremely  narrow  beam  widths  possible,  thus  enhancing  link  privacy,  but 
demanding  fixed  or  very  stable  platforms  for  transmission  and  reception. 
Very  narrow  beam  widths  also  preclude  multiple  simultaneous  relays 
through  single-terminal  hardware  sets. 

Scintillation  due  to  atmospheric  turbulence  would  have 
little  effect  on  transmissions  at  wavelengths  longer  than  8  pm,  but 
shorter  wavelengths,  especially  below  1.0  pm,  would  be  adversely  affected, 
and  thus  should  be  considered  only  for  intersatellite  links. 

B.  Potential  Information  Rates 

The  potential  Information  rate  R  of  a  space  to  earth  or  earth 
to  space  link  is  proportional  to  the  bandwidth  B  of  the  link  and  the 
number  of  modulation  levels  N  used.  This  can  be  expressed  as  follows, 
allowing  15%  bandwidth  for  waveform  recovery-  and  guard  bands: 

«  ■  TTflTs  ■ 

where  B  is  the  available  bandwidth  in  Hz 

Thus  a  simple  two  level  (0,1)  system  occupying  a  1  MHz  bandwidth  can 
transmit  information  at  an  870  kb/s  rate.  Correspondingly,  a  quadrature 
amplitude  modulation/phase-shift  keyed  (QAM/PSK)  system  (N  ■  8)  capable 
of  transmitting  9600  b/s  requires  a  bandwidth  of  2760  Hz,  and  can  func¬ 
tion  in  a  300  to  3000  Hz  voice  bandwidth. 
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The  information  rate  on  a  channel  can  be  made  arbitrarily 
large  in  the  absence  of  channel  noise  and  phase  jitter •  both  of  which 
act  against  the  use  of  N  values  appreciably  higher  than  8  at  the  present 
time<  In  the  frequency  bands  above  2.0  GHz,  both  channel  noise  and 
jitter  are  produced  primarily  by  equipment,  so  the  following  development 
directions  are  indicated: 

a  Transmission  equipment  with  minimum  possible  phase 

Jitter  (substantially  less  than  ±  20°)  to  allow  increases 
in  the  number  of  levels  substantially  beyond  8. 

a  Transmission  equipment  capable  of  improved  performance 
over  against  equipment  noise.  This  means: 

-  More  efficient  transmitters  for  increased  power  output 
from  a  given  power  input.  Present  efficiencies  are 
approximately  as  follows: 

12  GHz:  50%  (developmental) 

94  GHz:  25% 

10. 6y:  3% 

0.53w:  0.1% 

-  Receivers  with  improved  noise  levels.  Noise  factors 
of  present  receivers  are  as  follows: 

12  GHz:  3.6 

94  GHz:  7.0 

10. 6u:  2.0 

0.53w:  2.0 

a  Transmission  equipment  capable  of  being  modulated  and 

demodulated  at  rates  substantially  higher  than  the  present 
500  MHz  bandwidths  of  which  traveling  wave  tubes  are 
capable.  With  increased  bandwidths,  development  is  also 
needed  on  bit  stream  serializers  and  synchronizers  capable 
of  multiplexing  and  de-multiplexing  bit  streams  well  in 
excess  of  1  G  b/s. 


The  ease  with  which  laser  energy  can  be  concentrated  into 
narrow  beams  makes  their  use  on  satellite  links  readily  possible  at  low 
power  levels.  For  example,  a  3  watt,  10.6  ym  laser  and  a  0.2  W,  0.53  ym 
laser  each  can  operate  over  40,000  km  distances  at  a  1  GHz  bandwidth  and 
provide  adequate  signal-to-noise  ratio  for  bit  error  rates  on  the  order 

of  10”®.  / 


Such  lasers,  If  ground  based,  would  be  operated  only  when  the 
cloud  cover  would  not  cause  appreciable  attenuation  and  scattering.  Even 
If  33Z  of  the  energy  were  scattered  back  to  the  region  around  the  trans* 
mltter,  or  If  33%  of  the  energy  were  to  be  lost  In  sldelobes,  this  would 
represent  only  one  watt.  Since  laser  transmitter  beams  can  be  aimed 
accurately  Into  apace,  and  can  be  provided  with  suitable  shrouds  to 
prevent  sldelobe  radiation  on  their  surroundings,  no  danger  to  operators 
or  other  personnel  In  the  vicinity  of  a  laser  transmitter  should  exist. 

D.  Feasibility  of  Launching  and  Intercepting  Signals  Efficiently 

Signals  can  be  transmitted  and  received  at  all  electromagnetic 
frequencies,  but  with  varying  degrees  of  efficiency.  Only  limited 
antenna  development  has  been  done  at  frequencies  above  20  GHz  because 
extensive  applications  for  the  use  of  these  frequencies  have  only  re¬ 
cently  been  formulated.  Present  antenna  efficiencies  of  25  to  40%  should 
be  Improved  to  the  65  to  80%  range. 

In  the  optical  and  near-optical  range,  high  efficiency  (e.g., 
30%)  sources  are  available  In  the  10.6  urn  wavelength  region,  whereas  the 
use  of  the  0.5  ym  region  allows  simple  photo-multlpllers  to  be  used  for 
reception  and  doubled  Nd:YAG  lasers  to  be  used  for  transmission. 

E.  Link  Privacy 

Link  privacy  can  be  achieved  In  three  ways: 

e  The  use  of  extremely  narrow  beam  widths,  rendering 
outside  Interception  difficult. 

•  Transmission  behind  a  propagation  barrier. 

9  The  use  of  special  coding  techniques. 

Narrow  beam  widths  are  most  readily  achievable  at  the  highest  frequen¬ 
cies,  and  argue  strongly  for  laser  and  Infrared  transmission,  providing 
adequate  platform  and  beam  stabilization  can  be  obtained. 

Tr..n8mlsslon  behind  a  propogatlon  barrier  Is  feasible  above 
the  atmosphere  on  Intersatellite  links,  and  can  be  done  most  readily  In 
the  atmosphere  absorption  bands. 
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special  coding  techniques  have  been  developed  extensively  for 
military  communication  systems;  in  general,  all  transmissions  are  on  an 
encrypted  basis.  The  continued  use  of  such  techniques  is  assumed. 

4,  Maximum  Possible  Interlink  Data  Transfer  Rat^s_ 

This  section  presents  an  analysis  of  the  maximum  interlink  data 
transfer  rates  possible  based  upon  two  technologies: 

(1)  Linear  beam  tubes  and  solid  state  devices 

(2)  Lasers 

In  each  case  the  total  data  flow  to/from  a  satellite  can  be  obtained 
by  multiplying  the  resulting  value  by  2  for  polarization  diversity, 
and  by  n  for  the  number  of  separate  beams  into  which  and  from  which 
energy  can  be  sent.  This  assumes  the  use  of  2n  transponders  on  board 

each  satellite. 

A.  Linear  Beam  Tubes  and  Solid  State  Devices 

The  maximum  date  flow  via  a  satellite  link  now  possible  with 
linear  beam  tubes  and  solid  state  devices  can  be  predicted  from  their 
bandwidth  capabilities  and  the  Shannon  limit,  which  involves  the  link 
power  budget  as  well.  The  NASA  forecast  estimates  that  powers  up  to 
100  watts  will  be  available  at  frequencies  up  to  90  GHz  from  linear 
beam  tubes  by  the  year  2000,  as  portrayed  in  Figure  B-2. 


Figure  B-2  —  -Maximum  Power-Frequency  Characteristics 
of  Linear  Beam  Tubes 
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9eaf£  studies  at  Hughes  Aircraft  Co.  have  indicated  the  feasi¬ 
bility  of  2  GHz  bandwidth  traveling  wave  tubes  (TVIT's)  from  2  to  100  GHz 
at  power  levels  up  to  100  to  200  watts  and  efficiencies  of  30%  at  2  GHz, 
50%  at  12  GHz,  and  20  to  25%  at  85  GHz.  These  are  helix  TVIT's  below 
12  GHz  and  coupled  cavity  TUT's  above  12  GHz  operating  as  Class  C  amp¬ 
lifiers. 

Solid  state  devices  by  comparison  appear  to  offer  less  power 
at  a  given  frequency  than  do  linear  beam  tubes,  as  indicated  by  Figure 
B-3. 


O.t  t  lo’  10^  lo’  10^ 


»  K)WE*,  W 

Figure  B-3  —  Solid-State  Power  Frequency  Characteristics 


Consequently,  linear  beam  tubes  are  assumed  for  the  remainder  of  this 
discussion. 

The  next  question  is:  What  data  flow  can  be  transmitted  over 

the  available  bandwidth?  The  answer  depends  on  the  signal-to-noise  power 

density  ratio  Ek/No.  The  extent  to  which  the  Shannon  limit  is  approached 
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depends  upon  tne  modulation  system  used,  as  indicated  in  Figure  B-4. 


Figure  B-4  —  Comparison  of  Digital  Modulation  Systems  Based 

on  Average  Power 

In  this  figure,  FSK  is  frequency  shift  keying,  ASK  is  amplitude  shift 
keying,  PSK  is  phase  shift  keying,  DPSK  is  differential  phase  shift 
keying,  and  APK  is  amplitude  phase  keying. 

The  question  logically  arises:  What  Ej^/No  can  be  obtained 
between  a  geosynchronous  satellite  and  a  point  on  earth  over  a  2000  MHz 
bandwidth? 


Assume  a  40,000  kw  slant  range  to  the  satellite  and  good 
weather  conditions,  rendering  atmospheric  attenuation  negligible.  The 
link  budget,  ‘issumlng  limiting  antenna  gains  of  70  dB,  10  watt  trans¬ 
mitters,  and  12  K  masers  at  the  receivers,  then  is  as  follows  near  the 
highest  frequency  for -which  development  studies  have  been  done  (90  GHz): 
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Transmitting  power 

Transmitting  antenna  gain 
(maximum  feasible) 

Space  loss,  40,000  km  path 

Receiving  antenna  gain 

Received  power 

kTB 

Eb/No 


10  dBW 

70  dB  (4.6  meter  diameter) 


-223.6  dB 
70  dB 
-63.6  dBW 
-128.26  ddW 
54.6  dB 


Even  allowing  14.6  dB  for  atmospheric  attenuation  and  failure 
of  various  digital  modulation  systems  to  meet  the  Shannon  limit  (x  10 
for  Eb/No  «  20  dB;  x  18  for  Eb/No  *  40  dB) ,  a  data  rate  of  2000  x  10®  • 

3.6  X  10^®  b/s  can  readily  be  forecast  for  such  a  link,  or  a  total  data 
flow  of  2n  X  3.6  x  10^°  b/s  per  satellite.  Since  2  n  parallel  data 
channels  are  thus  provided,  the  serializers  and  synchronizers  need  only 
operate  at  36  Gb/s  in  each  channel.  Rates  one  third  this  amount  may  be 
achievable  by  the  early  1990' s  based  upon  the  types  of  technology  exten¬ 
sions  being  forecast  in  connection  with  lasers  (see  next  section). 

Based  upon  extensions  of  the  present  technology  of  large  un- 
furlable  multi-beam  reflectors  in  space,  as  developed  in  the  ATS-6  and 
similar  programs,  one  can  readily  visualize  a  cluster  of  four  12-beam 
antennas,  for  a  total  of  48  spot  beams,  each  capable  of  dual  polariza¬ 
tion.  This  means  that  96  parallel  channels,  each  operating  at  12  Gb/s, 

1 2 

could  be  provided  in  each  satellite,  for  a  total  data  flow  of  1.15  x  10 
b/s  per  satellite  in  the  early  1990' s,  and  three  times  that  amount  with 
more  rapid  digital  circuits. 

A  comparable  bandwidth  is  possible  at  lower  carrier  frequencies, 
based  upon  octave  band  tube  development  being  done  at  Hughes,  which  has 
experimental  octave  band  tubes  covering  2  to  4  GHz. 

The  link  budget  at  2  GHz,  assuming  4.6  meter  diameter  antennas 
as  before  (maximum  usable  size  at  90  GHz),  10  watt  transmitters  and  2  K 
masers  at  the  receivers  then  is  as  follows: 


A-'  ''’v 


Transmitter  power  10  dBW 

Transmitting  antenna  gain  37  dB 

Space  loss,  40,000  km  path  -190 *6  dB 

Receiving  antenna  gain  37  dB 

Received  power  -106.6  dBW 

jjfg  -138.26  dBW 

Eb/No  31*6  dB 


The  assumed  antenna  sizes  could  be  increased  substantially 
to  bring  the  Eb/No  value  back  up  to  that  obtained  for  the  90  GHz  system, 
but  substantially  greater  sizes  generate  questions  about  deployable 
antenna  system  development  feasibility  by  the  early  1990' s  to  2000.  On 
the  other  hand,  the  2-4  GHz  system  is  not  greatly  affected  by  weather 
but  interference  to  and  from  existing  services  in  this  band  could  be  a 
serious  problem. 

B.  Lasers 

The  maximum  data  flow  via  a  satellite  link  that  is  possible 
with  lasers  is  based  upon  the  same  factors  that  limit  the  per  channel 
data  flow  using  linear  beam  tubes  and  solid  state  devices.  The  limita¬ 
tion  is  that  of  the  data  serializers  and  synchronizers.  Circuits  for 
the  1  Gb/s  NdsYAG  laser  developed  under  contract  to  the  Air  Force  have 
a  300  psec.  response  time.  In  the  absence  of  expected  breakthroughs 
the  response  time  can  be  reduced  at  the  expense  of  additional  power 
consumption,  i.e.,  the  response  time  can  be  cut  in  half  by  doubling  the 
power  consumption. 

Forecasts  for  laser  data  rates  are  as  follows; 


Year 

Data  Rate 

1976 

1  Gb/s 

(available;  to  be  flight  tested  in  1979) 

1980 

3  Gb/s  1 

forecast 

1986 

10  Gb/s  5 
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C.  Discussion 


The  factors  affecting  the  ultimate  data  transfer  rate  through 
a  satellite  are  the  following: 

s  Number  of  transponders 

s  Bandwidth  per  transponder 

s  Modulation  system 
s  Signal  to  noise  power  density  ratio 
s  Use  of  polarization  diversity 

The  choice  between  linear  beam  tubes,  solid  state  devices  and 
lasers  Is  not  a  fundamental  one  because  the  bandwidth  per  transponder  Is 
limited  more  by  the  modulation  circuitry  than  the  transponder  type  per 
se.  However,  the  maximum  number  of  transponders  per  satellite  Is  a 
function  of  transponder  efficiency  for  a  given  available  power  level. 

By  the  year  2000,  a  total  data  flow  per  satellite  of  3.5  x  10^2 
b/s  should  be  possible. 

5.  Satellite  Payload  Considerations 

The  need  for  special  data  management  measures  is  directly  related 
to  the  volume  of  data  to  be  transmitted  from  source  to  user,  relative 
to  the  capabilities  of  the  transmission  medium  to  handle  such  data 
volumes.  This  makes  It  appropriate  to  examine  the  potential  payload 
size,  weight  and  power  availability  on  board  both  synchronous  and 
ear th-orbl ting  satellites  of  the  1980-1990  time  frame  and  beyond.  Such 
resources  then  can  be  allocated  to  communications  transponders,  data 
storage  media,  on-board  switching  matrices  and  processing  capability. 

A.  Synchronous  Orbit  Payloads 

0  3 

Projections  for  synchronous  orbit  start  with  the  present  ATS-6, 
which  was  launched  on  May  31,  197A,  and  provides  300  watts  to  a  1000  lb. 
communications  payload  that  occupies  75  cubic  feet.  Overall  spacecraft 
power  Is  500  watts;  weight  Is  3000  lb.,  and  volume,  exclusive  of  the 
solar  array  and  the  reflector.  Is  about  120  cubic  feet.  The  differences 


are  for  structure,  attitude  control  thermal  control  power  subsystem, 
telemetries  and  command  and  other  housekeeping-type  functions.  All  of 
these  functions  are  necessary  to  the  operation  of  the  spacecraft,  but 
constitute  an  "overhead"  that  cannot  be  allocated- to  the  actual  communi¬ 
cations  payload.  The  projections  made  in  the  remainder  of  this  section 
all  allow  for  an  appropriate  "overhead"  and  thus  are  lower  than  overall 
published  figures. 

Projections  for  synchronous  orbit  for  the  1985  to  1990  time 
frame  are  based  on  the  use  of  the  shuttle/interim  upper  stage  (lUS),  which 
can  place  5000  lb.  into  orbit,  of  which  an  estimated  3000  lb.  might  be 
working  payload.  Based  upon  a  spacecraft  sized  15  feet  in  diameter  by 
35  feet  in  length  and  allowing  one-third  for  structure,  power  and  other 
housekeeping  functions,  the  space  could  be  4100  cubic  feet.  The  35  foot 
length  would  allow  the  deployment  of  at  least  four  solar  arrays  (maximum 
of  eight)  of  the  type  now  in  use  on  the  Communications  Technology  Satel¬ 
lite.  These  arrays  are  in  pairs,  each  member  of  a  pair  being  256  Inches 
long  and  51.6  inches  wide.  A  pair  produces  an  initial  power  of  1260 
watts.  Allowance  for  housekeeping  and  degradation  over  a  seven  year 
lifetime  results  in  600  watts  per  pair,  or  2400  watts  from  four  pairs. 

An  alternative  to  a  single  spacecraft,  as  implied  above,  would 
be  multiple  spacecraft  whose  total  size  and  weight  could  be  accomodated 
by  the  Shuttle/IUS  vehicle.  A  trade-off  to  determine  what  number  of  space¬ 
craft  should  be  launched  from  a  shuttle/lUS  remains  to  be  made.  For 


simplicity,  only  one  is  assumed  in  this  discussion. 


B.  Near  Earth  Orbit  Payloads 


Projections  for  earth  orbiting  satellites  for  the  1985  to  1990 
time  frame  are  based  upon  several  considerations.  First,  there  are  no 
firm  plans  for  a  shuttle  launch  into  polar  orbit,  which  is  a  useful  orbit 
for  many  types  of  sensor  missions.  (Results  of  studies  relative  to  such 
a  launch  would  be  useful,  as  well  as  additional  information  on  shuttle 
launch  of  satellites  into  other  low  earth  orbits.)  Available  options  are; 
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Use  of  the  shuttle  itself  (150  mile  altitude) 


Use  of  the  Delta  2914,  which  can  put  a  5200  lb.  satellite 
into  near  earth  orbit.  The  size  of  spacecraft  which  can 
be  accommodated  in  the  Delta  2914  housing  is  at  least  the 
size  of  the  CTS,  which  .can  provide  an  estimated  600  watts 
to  its  working  payload.  Maximum  on”board  space  needs  to 
be  determined,  but  space  on  the  order  of  50  cubic  feet  prob¬ 
ably  could  be  obtained.^^ 


C. 


Working  Payload  Factors 

The  working  payload  referred  to  in  the  previous  paragraphs 
consists  of  the  following  types  of  components  in  the  satellite  nodes 
under  consideration; 

(]_)  Video  transponders  -  A  34  MHz  bandwidth  transponder  cur¬ 
rently  weighs  about  7  lb.  and  draws  45  watts.  Size  totals 
about  2"  X  6"  x  10",  or  120  cu.  in.  each. 

Data  storage  -  Data  storage  is  required  both  for  processing 
and  for  the  communications  store-and-forward  function. 

Ferrite  core  memories  (1975-1980  time  frame)  weigh  2  x  10 
Ib/blt  and  occupy  6  x  10"^  cu.  in. /bit.  Power  requirements 
are  1.8  x  lO"^  watts  standby  and  2.8  x  10"^  watts  operating. 
CMOS/SOS  memories  (1985-1990  time  frame)  weigh  5  x  10"^  Ib/blt 
and  occupy  3.5  x  10-5  cu.  in. /bit.  Power  requirements  are 
5  X  10"^  watt/bit  (1985)  to  5  x  lO’^  watt/bit  (1990).^® 


(2) 


6.  Utilization  of  Transmission  Resources 


For  purposes  of  this  discussion,  it  is  assumed  that  the  satellite  data 
rate  requirement  to  be  achieved  ranges  from  10^  to  2.5  x  10  b/s.  It 
then  may  be  asked;  How  can  a  geostationary  satellite’s  resources  (space, 
weight,  power)  best  be  allocated  to  handle  such  data  rates? 


As  a  representative  set  of  transmission  resources  for  illustrative 
purposes,  assume  the  use  of  24  transponders,  each  of  34  MHz  bandwidth,  and 
each  capable  of  a  data  flow  of  2  b/s  per  baud.  Then  these  transponders 
will  occupy  816  MHz  of  bandwidth  if  frequency  reuse  techniques  (orthogonal 
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polarization  and  multiple  exclusive  spot  beams)  are  not  employed.  As¬ 
suming  the  availability  of  this  bandwidth,  the  total  data  flow  through 
the  transponders  is  24  x  34  x  10®  x  2  -  1.632  x  10^  b/s.  They  require 
a  total  of  45  X  24  -  1080  watts  and  weigh  168  lb.'  Assuming  a  packing 
factor  of  0.7,  they  will  occupy  4114  cu.  in.  or  2.4  cu.  ft. 


Assume  the  use  of  processing  capability  that  can  provide  data 
compression  of  4:1.  Then  the  maximum  input  data  rate  that  can  be 
handled  without  switching  to  another  satellite  or  the  use  of  store  and 
forward  techniques  is  4  x  1.6  x  10^  b/s  *  6.5  x  10^  b/s.  However, 
the  maximum  possible  input  data  rate  of  2.5  x  10^^  is  38.3  times  thus 
great. 

Q 

For  data  races  above  6.5  x  10  b/s,  a  signal  may  be  sent  to  the 
source,  asking  it  to  send  the  data  in  parallel  streams,  dividing  it 
among  6  satellites.  This  still  means  a  maximum  data  rate  that  is  6.38 
times  too  great  for  any  one  satellite. 

At  this  point,  if  the  duration  of  the  2.5  x  10^^  b/s  stream  is 
short  enough,  on-board  storage  may  be  used  to  hold  data  queues  in  the 
satellites.  For  example,  using  CMOS/SOS  memories  at  5  x  10  Ib/bit, 
3.5  X  lO”^  cu.  in. /bit,  and  5  x  10~^  watts/bit,  the  estimated  maximum 
number  of  bits  that  can  be  stored  is  ■  10  bits.  The  amount  requiring 
storage  is: 


2.5  X  10^^  b/s 


6  satellites  x  4  (compression  factor) 


-  1.6  X  10^  b/s  »  2.11  X  10^^  b/s 


Thus  the  length  of  time  during  which  such  a  queue  can  develop  is  ■  50  msec. 
The  foregoing  discussion  is  illustrated  graphically  in  Figure  B-j. 

The  practicallity  of  the  foregoing  hypothetical  situation  is  limited 
by  the  maximum  rate  at  which  serializers  and  synchronizers  can  operate. 

To  date,  such  devices  capable  of  operation  at  10^  baud  and  above,  as  im¬ 
plied  by  the  above  example,  are  not  available. 

The  foregoing  situation  also  points  out  the  necessity  of  examining 
the  time  duration  over  which  data  at  a  2.5  x  10^^  b/s  rate  would  be 
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Figure  B-5  —  Satellite  Data  Handling  Capability 


entering  the  system.  For  example,  once  a  given  Image  has  been  obtained. 

It  may  be  necessary  simply  to  update  that  Image  by  the  use  of  moving 
target  Indication,  or  by  looking  at  differences  that  develop  from  one 
sensor  pass  over  the  image  area  to  the  next  pass. 

Various  assumptions  can  be  made  with  respect  to  the  amount  of  on¬ 
board  storage  that  will  be  devoted  to  queues.  A  maximum  queue  length 
might  be  based  upon  allocating  2000  lb  and  200  watts  to  storage.  Using 
the  CMOS/SOS  memory  estimates  for  1990,  a  total  of  4  x  10®  bits  could 
be  stored  in  queue.  Such  a  store  would  occupy  14,000  cu.  in.,  or  8.1 
cu.  ft.  Assuming  data  compression  to  be  2.5  bits/pel,  a  total  of  1.6  x 
10  pels  could  be  stored.  A  high  resolution  image  of  4:3  aspect  ratio 
might  contain  1200  x  900  pels,  or  1.08  x  10®  pels  (2.7  x  10®  bits). 

Thus  a  total  ot  148  such  Images  could  be  stored. 

In  general,  the  queue  length,  Q,  can  be  related  to  the  image  rate 
and  resolution,  the  output  and  input  bit  rates,  and  the  input  duration 
as  follows: 

Q  -  fpR-(b/s)^,  .T  1  «  (Ab)  T 
L  out  oty  on 

P  *  image  resolution  bits/image 

R  •=  image  rate,  image/sec. 

Ab  ■  input  rate  less  output  rate,  i.e.,  (b/s).  -  (b/s)  ,  assumed 

in  out 

=  duration  of  input,  sec. 

To  avoid  exceeding  a  maximum  queue  length,  Q^ax*  the  on  time,  T^j^, 
must  be  followed  by  an  off  time,  T^ff,  such  that: 

The  bit  rates  can  be  related  to  the  transmission  bandwidth  assuming 
quadrature  phase  shift  keying  (QPSK)  yielding  2  b/s  per  baud  and  the 
transmission  channel  can  be  assumed  to  have  a  nominal  width  of  1.15  Hz/baud. 
Therefore  BW  ■  0.575  (Ab),  where  ABW  is  the  input  bandwidth,  Hz,  less  the 
output  bandwidth,  Hz.  This  leads  to  the  following  relationship: 
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The  term  P,  bits/picture,  is  the  actual  quantity  to  be  transmitted, 
assumed  to  be  the  uncompressed  value.  Data  compressors  can  operate 

p 

at  speeds  In  excess  of  10  b/s;  therefore,  for  such  rates,  the  com¬ 
presses  value  could  be  used,  with  compression  being  done  before  the 
data  enters  the  queue.  However,  Inputs  In  excess  of  10^  b/s  will 
probably  have  to  be  compressed  after  data  enters  the  queue. 

Figure  B-6  Is  a  plot  of  this  relationship,  rearranged  to  show 
(ABW)^^  as  follows; 

(ABW).„  »  - 2 - - 

1.739  X  106  T 

on 

This  figure.  In  effect,  shows  the  use  of  the  queue  In  providing  a  con¬ 
tinuous  low  rate  bit  stream  from  a  discontinuous  high  rate  bit  stream. 
It  also  shows  that  with  a  sufficiently  great  queue  length,  the  output 
bandwidth  apparently  drops  to  zero!  This  merely  means  that  the  data 
store  has  not  been  filled,  and  can  take  additional  Input  before  output 
Is  required. 


,ge  Queue  (Bits) 
iTH  Reduction  Vs. 
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Bffpcts  of  satellite  Orbital  Parameters 
Th.  development  of  ptoctitel  satellite  data  manasement  technology 
cegulrea  consideration  ol  two  factors  relating  to  the  relative  motion 
anong  the  earth-based  and  satelllte-hased  nodes  of  a  multl-sate  te 

systems  These  areJ 

•  Variable  velocity  considerations 

•  Variable  angular  position  considerations 
Five  cases  are  presented  to  Illustrate  these  factors. 

g.  v.r<»hlc  Velocity  (Doppler  rreguency  Shift.) 

synchronous  satellites  are  not  truly  stationary  with  respect 
to  the  earth.  Each  satellite,  hecause  of  Its  orbital  Inclination  di¬ 
rection  of  travel  relative  to  the  equator),  goes  through  a  dally  figure 
8  pattern.  My  Doppler  shift  resulting  from  such  motion,  however  Is 
small  compared  with  the  Doppler  shifts  between  geostationary  and  lo^^^ 
earth  orbiting  satellites,  as  well  as  between  low  earth  orb  ng 
lltes  and  the  ground.  The  following  computations  show  that  such  ^^pp^^ 
shifts  do  not  present  a  problem,  because  the  resulting  requen  y 
are  on  the  order  of  one  to  twenty-five  (25)  parts  per 

per  million  Is  comparable  to  the  frequency  shift  that  occurs  with  good 
crystal-controlled  oscillators  typically  used  for  transmitter  and  race 

f7eqLcy  control.  Cases  In  which  the  25  parts  per  "UUon  shift  occurs 
can  be  handled  by  suitable  guard  bands  between  channels.  Eff  c  M 
spectrum  utilisation  can  be  achieved  by  beeping  channel  bandwldths 

latgs  as  possibles 

Case  I;  Pnlar  Orb iter  to  Polar  Orb iter,  Doppler 

Assume  two  satellites  are  In  eccentric  polar  orbits,  each  with 
a  perigee  of  300  nautical  miles  and  an  apogee  of  200  nautical  m  les.  Om 
is  at  an  apogee  (minimum  velocity)  when  the  other  Is  at  Its  pet  gee 
1“  loclty7  The  two  are  assumed  to  be  within  line  of  sight  of  one 

another  at  this  time. 

Satellite  velocity,  v,  is  calculated  by;  v  -  /^  meters/sec. 


where  y  =  3.991  x  10 


14 


r  »  distance  from  center  of  earth  “  "*■ 


tg  =  earth's  radius  *  6.378  x  10^  m. 


rg  *  satellite  distance  above  the  surface  of  the  earth 


At  300  n.mi  =  345.2  mi.  =  555.6  km  =  5.556  x  10^  m,  r  =  6.9339  x  10^  and 

V  *  7.5868  X  10^  m/sec. 

At  700  n.mi.  =  805.5  ml.  *  1296.4  x  10^  m. ,  r  =  7.6766  x  10^  m  and 

V  *  7.2114  X  10^  m/sec. 


Thus  AV  . 


2 

3.75  X  10  m/sec.  at  a  carrier  frequency 


of  18  GHz,  for  example,  the  wavelength  is  c/f  =  3  x  10®/18  x  10^  =  1.666  x  lO'^m 


and  the  Doppler  shift  is  Af  =  AV/X  =  2.2528  x  10^  Hz  s  22.5  KHz. 


Thus  the  Doppler  shift  is  1.25  KHz/GHz,  or  1.25  ppm. 


Case  II;  Polar  Orbiter  to  Earth  or  Geostationary  Satellite,  Doppler 


Assume  one  of  the  above  polar  orbiting  satellites  is  in  communica¬ 
tion  with  a  station  at  a  fixed  point  relative  to  the  earth.  This  fixed  point 
may  be  on  the  earth's  surface  or  it  may  be  at  a  geostationary  satellite.  In 
either  event,  the  relative  velocity  will  be  maximum  when  the  geometry  is 
such  that  the  polar  orbiter  is  moving  directly  toward  or  directly  away  from 
the  fixed  point.  In  either  case. 


AV 


'300 


7.5868  X  lO"^  m/sec. 


*  7.5868  X  10^/1.666  x  10  ^  *  455  KHz.  Thus  the  Doppler 


shift  Is  25.27  KHz/GHz  or  25.27  ppm. 


B*  Variable  Angular  Positions  (Antenna  Pointing  Requirements) 

Near  earth  orbiting  satellites,  as  described  in  the  previous 
section,  have  beam  steering  requirements  (if  using  narrow  beam  antennas) 
as  indicated  in  the  following  cases: 


Case  3t  Polar  Orbiter  to  Polar  Orbiter,  Angular  Rate 

The  maximum  distance  between  two  polar  orbiters  at  a  500  n.  mi. 
height  (575.4  miles)  is  4423.5  miles.  If  the  apogee  is  700  n.mi.,  then 

-107- 


Ah  =  200  n.mi.  =  230.2  miles  and 

-1  230.2  _  „oO 
0  -  0  *  tan  , , T V  •  2.98 
max  o  4423.5 


r'  * 

‘  'll/ 


Thus  A0  =  +  2.98°  maximum. 

Since  the  time  from  apogee  to  perigee  is  45  minutes  for  a  500  n.mi.  orbit, 
the  maximum  angular  rate  is: 

A0/t  =  +  2.98°/0.75  hr.  »  +  3.97°/hr. 

Case  4 :  Polar  Orbiter  to  Geostationary  Satellite,  Angular  Rate 

At  a  500  n.mi.  altitude,  the  polar  orbiter  is  4538.6  miles  from 

the  center  of  the  earth,  while  the  geostationary  satellite  is  26263.2  miles 

from  the  center  of  the  earth. 

n  o  .  -1  ^538.6  ^  Q  «o 

®max  “  ®o  '■  26263.2 

The  maximum  angular  rate  is  approximately  9.8°/0.75  =  13.1°/hr. 

Such  rates  as  indicated  in  Cases  3  and  4  are  very  well  within 
the  capabilities  of  steerable  beam  antennas. 


Case  5:  Polar  Orbiter  to  Ground  Angular  Rate 

This  case  represents  the  highest  required  angular  rate.  At  a 
300  n.mi.  altitude  V  =  7.5868  x  10^  m/sec.,  while  the  altitude  is  5.556  x 
10^  m.  Thus 

A0/t  =  7.5868  X  10^/5.556  x  10^  -  1.365  x  lO"^  rad/sec. 

•  0.782°/sec.  *  46.9°/min. 

This  is  a  much  higher  rate,  but  still  achievable  by  on  board  steerable 
antennas . 
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8.  MnHon  of  Ger^’^yr^chTonous  Satellites 


».  nouj-mi  —  "  .z.^ — - - 

said  to  have  an  "Inclination"  which 
^  e.rth-orMtins  e  Is^sal. 

is  the  angle  »hleh  the  prolee  o  .stellite,  this 

earth  makes  with  the  equator.  For  a  pox  „  ,  nn.p 

angle  is  ,0».  ot  neatly  eo.  while  tot  a  ...sesynchtonons  satellite. 

the  angle  is  0°,  or  nearly  so. 

..Othltal  drift"  .ay  cause  a  geosynchronous  satellite  to  change  Its 
it  1  h  Tjconhlnatlon  of  non-zero  Inclination  (caused  y 

"u  tors  ll  onhital  Infection)  and  orhital  drift  result  in  satel¬ 

lite  notion  that  resenhles  a  figure  S  in  its  station  over  the  eeuater, 

orhital  corrections  can  he  .„.:ard  power 

control  system.  Such  correct  ons  res  .]l„„ed  to 

or  fuel,  however,  so  most  geosynchronous  satellites  are  a 

drift  to  some  extent.  The  Radio  Regulations,  however. 
satellites  to  he  maintained  wrthin  ±  ^of  ^the^^ 

nominal  position  if  this  s  nece  efforts  should 

eerence  in  any  other  satellite  networ  .  They  ^ 

be  made  to  develop  spacecraft  an  con  ro  +  O.s'’  of  the 

pability  of  maintaining  their  ^3e  of  very 

longitude  of  their  Tolt  stable  satellites  possible  if 

narrow  beam  lasers  cal  ^ 

tracking  complexities  are  to  be  minimized. 

j  e atoll ite  attitude  change  are 
The  factors  that  tend  to  produce  satellit  closures. 

largely  related  to  sLLs.  and  thermal  changes 

torques  from  motor  sh  differing  sun  angles  on  the 

(expansions  and  on  board  as  systems 

spacecraft  as  well  a  .  4  4n  the  earth's  gravitational 

.wiiched  wm  and  off.  Since 

attraction  aleo  can  la  the  amount  of  pro- 

one  major  factor  that  Mchanically 

pellent  it  haa  for  attitude  -  \  ,,an  one  reguiring 

"quiet"  satellite  should  be  capable  of  longer 
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frequent  orbital  adjustments  because  of  on-board  torque  variations. 


Development  directions  for  the  "quiet"  satellite  are  the  fol¬ 
lowing; 

•  Eliminate  the  use  of  electro-mechanical  motions  on  board 
the  satellite,  except  for  those  actually  required  for 
attitude  adjustment.  This  means  full  use  of  sol.id-state 
controls  and  application  of  the  "phased  array"  principal 
to  all  antennas  and  sensors. 

•  Minimize  the  variation  of  electrical  power  utilization 
so  that  thermal  gradients  remain  as  constant  as  possible 
within  the  spacecraft  as  system  functions  change.  This 
may  Involve  the  use  of  dummy  loads  in  very  close  proxi¬ 
mity  to  the  real  loads  they  replace. 

Even  a  perfectly  "quiet"  satellite  would  be  subject  to  orbital 
drift  from  external  forces,  i.e.,  small  gravitational  variations. 
Com.pensation  for  such  external  variations  can  only  be  accomplished  by 
the  use  of  on  board  systems.  The  most  efficient  methods,  in  terms 
on  board  power  or  fuel  consumption,  therefore,  should  be  sought. 

Although  a  high  degree  of  attitude  and  orbit  stability  is  desired 
for  laser  transmissions,  both  intersatellite  and  earth  to  satellite, 
the  value  of  a  highly  stable  orbit  has  been  shown  for  microwave  trans¬ 
mission  as  well,  thus  giving  Impetus  to  ongoing  research  in  the  field 
of  satellite  attitude  and  orbit  stabilization. 


9.  Satellite  Station  Keeping  Requirements  for  Laser  Transmission 

The  transmitted  beam  width  of  a  laser  is  given  by  the  expression 

_  AX  A  X  10.6  X  10“®  ,rt“5  ,,  - 

2.70  X  10  radians  =  O.OOISA 


T  itD, 


3.1A  X  0.5 


Since  this  is  much  less  than  0.2  ,  tracking  becomes  even  more 
important.  Fortunately,  the  variations  are  slow,  a  complete  period 
requiring  one  day.  This  simplifies  the  tracking  system  requirements. 


Polar  and  other  near-earth  orbiters  will  clearly,  require  tracking 
systems  regardless  of  aperture  size  and  wavelength. 


The  use  of  smaller  diameters  and  longer  wavelength  systems  than 
those  of  the  first  example  (synchronous  to  synchronous  intersatellite 
link)  may  eliminate  the  tracking  requirement  on  such  systems. 

All  combinations  require  acquisition  systems.  The  receiver  gen¬ 
erally  performs  an  X-Y  raster  scan  with  the  transmitter  beam  broadened. 
Dual  scan  acquisition  has  been  reported  in  the  literatures^® 


Conclusion:  Improvements  in  satellite  stationkeeping  accuracy 
reduce  tracking  requirements  in  the  case  of  synchronous  satellites. 
Tracking  is  a  firm  requirement  for  all  near  earth  orbiters.  Acquisition 
systems  must  be  provided  for  all  intersatellite  links  as  well  as  for 
the  earth  to  satellite  path  except  for  "global"  coverage  beams. 


Characteristics  of  Satellite  Packet  Switching  Networks 


A  satellite  channel  is  characterized  by  its  propagation  delay 
(0.24  to  0.27  s  for  a  geosynchronous  satellite)  and  relatively  broad 
bandwidth  (e.g.,  50  kHz  or  more).  The  satellite  transponder  can  re¬ 
transmit  to  earth  in  a  broadcast  mode  all  signals  that  reach  it, 
thus  providing  automatic  acknowledgement.  Other  features  of  satellite 
channels  are  their  invulnerability  to  unfriendly  forces  along  the 
path,  their  access  capability  to  terrestrial  communication  channels, 
and  the  fact  that  their  operation  is  essentially  independent  of  ter¬ 
minal  separation. 

The  use  of  packet  switching  via  satellite  implies  that  the  condi¬ 
tions  for  its  use  (see  (discussed  in  Appendix  A,  "Basic  Network  Concepts") 
have  been  established  and  that  random  access  to  the  full  capacity  of 
the  satellite  channel  is  provided.  The  satellite  provides  a  high  ca¬ 
pacity  channel  with  a  fixed  propagation  delay  that  is  large  compared 
to  the  packet  transmission  time.  Each  user  forms  his  packet  and  then 
bursts  it  out  rapidly  on  the  channel  at  full  capacity.  Many  users 
operating  in  this  msinner  thus  automatically  multiplex  their  trans¬ 
missions  on  a  demand  basis.  The  satellite  repeats  whatever  it  re¬ 
ceives  (on  a  frequency  different  from  the  up  link  frequency);  this 
broadcasted  transmission  can  be  heard  by  every  user  of  the  system. 
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Each  user  picks  out  packets  addressed  only, to  Itself. 

A  special  property  of  satellite  packet  switching  is  that  a  user  can 
listen  to  his  own  transmission  as  it  returns  from  the  satellite. 

An  important  requirement  of  a  satellite  switching  network  is  con¬ 
trol  of  time  allocations  so  that  two  or  more  transmissions  do  not  coincide 
or  overlap,  thus  Interfering  with  one  another.  It  is  assumed  that  the 
senders  are  geographically  separate  from  one  another,  and  thus  one  is  un¬ 
able  to  know  when  another  is  sending,  except  for  information  sent  via 
the  satellite  channel.  The  problem,  therefore,  requires  a  decentralized 
approach.  Three  such  approaches  are  known  as  the  Aloha,  the  slotted  Aloha, 
and  the  reservation  system. 

In  the  pure  Aloha  system,  each  sender  transmits  any  time  he  desires, 
and  then  listens  for  his  transmission  from  the  satellite  to  make  certain 
that  no  interference  occurred.  If  all  senders,  however,  were  to  retrans¬ 
mit  immediately  upon  hearing  a  conflict,  they  arc  sure  to  conflict  again, 
so  a  random  retransmission  delay  is  needed  to  spread  the  conflicting  packets 
over  time. 

In  the  slotted  Aloha  system,  time  is  slotted  into  segments  whose 
duration  is  exactly  equal  to  the  transmission  time  of  a  single  packet. 

Each  sender  is  allowed  to  transmit  only  at  the  beginning  of  a  time  slot, 
with  time  referenced  to  the  satellite.  This  system  provides  an  improve¬ 
ment  in  efficiency  over  the  pure  Aloha  system  because  Interferences  are 
now  restricted  to  a  single  slot  duration. 

The  reservation  system  is  one  in  which  channel  usage  is  scheduled 
on  a  fixed  or  demand  basis  for  specific  senders'  transmissions. 
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^Moiios  (c.f;.,  p-icket  switcliing  nl};nr  i  ibins) ,  li’forinciLion  ooiiLi'ol  (c.j;.,  flo\v 
control  iip.il  rooting  algorithms)  and  multiple  access  techniques. 

In  the  context  of  this  study,  data  management  algorithms  consist  of  all  the  . 
rules  which  govern  information  flow  within  an  envisioned  multiple-satellite^ 
multiple-mission  space  communications  network.  Such  data  management  algor¬ 
ithms  permit  the  orderly  interaction  of  information  sources,  intelligent  sat¬ 
ellite  nodes  which  form  the  communications  network,  and  the  information  users. 

A  generalised  satellite-based  information  network  model  is  developed. ift-thl^ 
Generic  characteristics  of  the  network  information  processing  and 
transmission  resources  are  identified  as  the  basis  for  an  evolutionary 
space  comnumications  network,  ^peclfic  considerations  for  satellite  data 
management  algorithms  are  presTOted  in  terms  of  both  mission-related  and 
communicatlons-related  factors  as  well  as  relative  performance  measures.  A 
comparative  evaluation  of  data  management  algorithms  is  also  given. 

The  final  chapters  of  this  report  develop  satellite  network  data  management 
opportunities  as  well  as  Identify  specific  areas  requiring  further  technolog¬ 
ical  development  in  the  realization  of  an  envisioned  space-based  information 
network.  The  concluding  section  presents  recommendations  for  several  study 
areas  requiring  additional  Investigation  in  support  of  this  advanced 
communications  network  conceptual  effort. 
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